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ABSTRACT 
PURPOSE: 
  The aim of the study was to compare the effects of envelope, ward’s and 
modified ward’s incision on the periodontal health status of the mandibular second molar 
before and after surgical removal of impacted mandibular third molars.  
PATIENTS AND METHODS:  
Thirty patients who require removal of mesioangular impacted mandibular third 
molars were included in the study. The periodontal health of the second molar was 
evaluated preoperatively, at 1 month, 2 months and 6 months postoperatively. Each flap 
design was used for 10 patients each. VAS scale was used to assess pain and sensitivity.  
RESULTS:  
There was a significant increase in the mean probing depth distal to second 
molar at the end of one month. There was a significant decrease in the mean probing 
depth at the end of six months when compared to the preoperative measurements. The 
preoperative and postoperative values of clinical attachment levels were similar. Plaque 
index and gingival index indicated improvement in oral hygiene after the third molar 
surgery. There was improvement in bone level postoperatively. VAS indicated reduced 
pain and sensitivity postoperatively.  
CONCLUSION:  
There was no significant difference between the three flap designs on the 
periodontal health status of the mandibular second molar before and after surgical 
removal of impacted third molar. There was improvement in the periodontal health status 
of the mandibular second molar after surgical removal of impacted mandibular third 
molar for all the three flap designs.  
KEY WORDS: Envelope flap, ward’s flap, modified ward’s flap, probing depth, 
clinical attachment level.  
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INTRODUCTION 
           Periodontal pathology is the outcome of the interaction of periodontal 
pathogens with the immune system at the Biofilm Gingival Interface (BGI).
64 
The 
impacted lower third molar significantly increases the surface area of BGI. It favours 
more anaerobic environment which facilitates colonization by pathogens. 
Colonization of the exposed distal root of the second molar by periopathogenic 
bacteria eventually lead to the development of an infrabony lesion. Norton et al
63
 and 
Hausmann et al
41
 have shown the presence of bacterial endotoxins in the periodontal 
pocket and emphasized its role in inhibition of bone growth and alveolar bone 
resorption. In response, inflammation is enhanced at the affected anatomic sites and 
becomes chronic, and the portal to the systemic circulation widens, with an eventual 
systemic reaction to the chronic oral inflammation. 
        The optimal management of the impacted lower third molar is a highly relevant 
issue to maintaining the periodontal health of the adjacent lower second molar. 
Several authors have investigated the effect of impacted lower third molar extraction 
on the periodontal pockets distal to the adjacent second molar. Ash et al
9
 have 
reported deepening of periodontal pockets of lower second molars following the 
surgical removal of partially or fully impacted lower third molar. Similar findings 
have later been shown by Ziegler
88
 and Kugelberg
55
 et al. In contrary, Szmyd and 
Hester
85
 showed a decrease in pocket depth following third molar extraction. Similar 
results have been shown by Grondahl and Lekholm
32
, Groves and Moore
33
, 
Kugelberg et al
57
, Stephens et al
81
 and Woolf et al
87
. However Chin Quee et al
20
, 
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Osborne et al
66
 found no significant changes in pocket depths following impacted 
third molar extraction.  
           Blakey et al
28
 suggested that third molar removal may improve the periodontal 
status of young adults with early stages of periodontal inflammatory disease, with 
beneficial changes particularly affecting the distal side of second molars as defined by 
all probing depth < 4mm on the distal side of second molars. Kugelberg et al
57
 
suggested that older age, angulation of the third molar relative to the adjacent second 
molar, and close contact between the third and second molars were associated with 
adverse periodontal outcomes. 
            The extraction of an impacted lower third molar is a surgical procedure which 
itself may cause periodontal damage to the adjacent tooth. The healing process 
depends on the flap design, oral hygiene, bone removal, angulation and position of the 
impacted tooth and the experience of the surgeon. Various flap designs like Envelope 
flap, triangular flap, three cornered flap, modified Szmyd flap have been discussed in 
the literature for the removal of impacted lower third molar. Flap design is 
particularly important not only to allow optimal visibility and access to the impacted 
tooth but also for subsequent healing of the surgically created defect. Based on the 
type of incision and flap design dehiscence can take place distal to the lower second 
molar during primary wound healing and this area may heal secondarily. Secondary 
wound healing can cause loss of attachment and gingival defects distal to the second 
molar. 
          In our study we evaluated the effect of envelope, ward’s and modified ward’s 
incision designs on the periodontal status of the second molar following surgical 
removal of the mesioangular impacted mandibular third molar.   
 Aims and Objectives  
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AIMS AND OBJECTIVES 
The investigation was done to compare the effects of Envelope, Ward’s and 
Modified Ward’s incision on the following:  
 Periodontal health status of the mandibular second molar before and 
after surgical removal of mesioangular impacted mandibular third 
molar.  
 Post operative complications 
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REVIEW OF LITERATURE 
 The earliest publications regarding the implications of third molar 
extractions were put forward by Robb
71
 in 1940. He mentioned about the 
injury to the second molar caused by the presence of the third molar. He 
discussed the resorption of second molar root and the lack of bone along the 
distal side, which rarely fills completely after the third molar extractions. This 
absence results in a pocket or a gingival recession that leads to periodontal 
pathology. He concluded that early removal of third molar could be done to 
improve the regenerative potential. He associated third molar with recurrent 
Vincent’s infection because the partially impacted teeth harbor the micro 
organisms for number of years.  
 Ash et al
9
 in 1961 studied the effect of the extraction of third molars on 
periodontal status distal to second molar. Their results from 225 extractions 
revealed that pocket formation on the distal aspect of second molar was more 
evident after extractions of completely erupted third molar.  
 A reduction in probing depths around mandibular second molars at 6 
months and 12 months after extraction of the impacted third molars was found 
by Szmyd and Hester
85
. The probing depths were almost the same at both 
intervals.    
 The influence of flap design in regard to the periodontium of the 
second molar following third molar extraction that require bone removal was 
Review of Literature 
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examined by Grooves and Moore
33
 in 1970.  They observed no increase the 
pocket depth distal to the second molar especially when third molars were 
erupted prior to surgery. Yet, they did not present the numerical values of 
changes in pocket depth. Heaping was described as an accumulation of soft 
tissue distal to second molar. This condition was seen mostly related to non 
erupted teeth. The term vestibular interference referred to excessive scar tissue 
in the line of vertical relieving incisions. The vestibular interference was noted 
in 70% of the areas studied causing puckering in the buccal sulcus, thus 
reducing the depth of vestibule. Three different flap designs were suggested in 
this study which did not influence the bone loss distal to the second molar.  
 Szymd
84
 in 1971 gave the advantages of the three cornered flap after 
comparing two standard mucoperiosteal flaps. There was no need to detach the 
free gingival fibers around the second and first molar leading the decreased 
amount reflected periosteum. Adequate blood supply to the flap was achieved. 
Adequate exposure and visibility achieved. Closure could be done with single 
suture placed at the distal aspect of the third molar.  
 Melcher A.H
60
 in 1976 stated that the periosteal reflection should be 
minimized especially distal to second molar to avoid periodontal pocket 
formation.    
 In 1977, Gool AVV et al
30
 presented a quantitative data on inter 
relationship of postoperative complaints about pain, trismus and swelling after 
removal of mandibular third molars. The study was conducted in 932 patients 
Review of Literature 
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including both extractions and surgical removals. It was concluded that there 
exists a strong but time dependent inter relationship between the complaints.  
 The result of a comparative study in which buccal extension flap was 
raised was supported by Woolf et al
87
 in 1978. The patient was examined 
before and 6 months after the removal of impacted third molar. The results 
showed that if periodontal problems develop later one must look beyond flap 
designs for their occurrence.   
 The advantage of vertical flap (marginal) over envelope flap was 
described by Kaminishi R.M et al
46
 in 1979 as there was a smaller area of 
periosteum that must be elevated. Access is adequate in most cases; the flap 
passively rests in an appropriate position without suturing.  
 Bruce RA
13
 in 1980, investigated the incidence of operative and 
postoperative morbidity associated with the removal of impacted mandibular 
third molars in patients of various ages. They showed that there is a significant 
increase in surgical morbidity as the patient becomes older. The healing 
process was also slower in individuals 60 years and older compared with 
patients in their 20s.  
 A study to determine the effects of root planning and curettage on the 
crevicular depth and periodontal attachment at the distal surface of mandibular 
second molar following removal of adjacent impacted or partially erupted 
third molars was done by Osborne et al
66
 in 1982. They concluded that root 
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planning and curettage of mandibular second molars immediately following 
removal removal of impacted mandibular molars is not so beneficial. The best 
means of preserving periodontal attachment on mandibular second molars may 
be the removal of third molars at an early stage of tooth development.   
 Haffajee et al
36
 in 1983 evaluated the usefulness of clinical 
measurements of periodontal disease in predicting destructive periodontal 
disease activity. Clinical parameters related to periodontal disease activity 
include plaque accumulation, redness, swelling, bleeding on probing, 
suppuration on probing, crevicular fluid volume, pocket depth and attachment 
level. Attachment level measurements, bone loss and to some extent pocket 
depth reflect prior loss of attachment but not necessarily current destruction. 
Each of the clinical parameters at a single visit may provide information to the 
clinician in terms of extent of previous disease or current condition of gingival 
tissues.  
 Two types of access flaps used in removing mandibular third molars 
were compared by R.Jeffary Stephens et al
81
 in 1983. There was no clinically 
significant difference between the two types of access flaps. The decision to 
use either of the flaps should be based on operator preference than on 
assuming that there is improvement of periodontal health status of the adjacent 
second molar.  
Review of Literature 
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 Guralnick
35
 in 1984 had observed that horizontal (envelope) incision 
to expose the mandibular third molar is better as it provides a good exposure 
and also eases closure.  
 Quee
20
 in 1985 examined 30 patients after surgical removal of their 
impacted mandibular third molars using vertical (marginal) flap described by 
Thoma and the envelope flap described by Kruger. Six months post surgically 
both flap design group exhibited a statistically significant loss of attachment 
level on distal surface of second molar with no difference between the two 
flap groups.  
 Kugelberg CF et al
55
 in 1985 retrospectively studied in 215 cases the 
effect on periodontal tissues of lower third molar surgery, due to impaction or 
semi-impaction. Both clinical and radiographic variables were examined 
2years post operatively. Clinical variables included the amount of plaque, and 
presence of gingivitis and periodontal pockets. A higher incidence of plaque, 
gingivitis and pockets were observed on the distal surface of the second molar 
than on other surfaces of the first and second molars. The alveolar bone level 
distal to the second molar was registered by radiographic examination with a 
periodontal probe as indicator. 2 years post operatively, 43.3% of the cases 
exhibited pocket depths exceeding 7mm and 32.1% showed intrabony defects 
exceeding 4mm. 
 A retrospective study was done by Kugelberg CF et al
54
 in 1986 to 
determine the effect of lower third molar surgery on periodontal tissues, 
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consisting of 215 patients, two years postoperatively. A methodological study 
was conducted in 25 patients to evaluate the precision and accuracy of 
radiographic assessment of intrabony defects on distal surface of lower second 
molars. They concluded that the radiographic method describes the depth of 
postoperative intrabony defects on distal surface of lower second molar more 
accurately than probing depth measurements alone.  
 A longitudinal radiographic study to describe the changes in bone level 
over two years in a group of subjects (18-68 years) was done by Albandar et 
al
2
 in 1986. 94% of the sites did not show significant changes in alveolar bone 
level during the observation period and it was shown that the rate of bone loss 
increased rapidly between 33 and 56 years of age. It also revealed that the rate 
of bone loss increased with increasing initial bone loss.  
 Envelope flap and vertical (marginal) flap in mandibular third molar 
surgery was compared over a period of 1 year by Schofield et al
78
 in 1988. 
There was no clear difference in periodontal health of second molar. They 
concluded that selection of the flap design for mandibular third molar surgery 
is dependent on the needs and preference of the surgeon and does not seem to 
have a lasting effect on the health of the periodontium on the distal of the 
second molar.  
 Kugelberg et al
56
 in 1990, did a retrospective study on the long term 
effects on periodontal tissues of adjacent second molar resulting from 
impacted lower third molar surgery. The postoperative evaluation was done 
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using radiographic and clinical variables after two and four years post 
surgically. Oral hygiene status, gingival condition and periodontal tissue 
breakdown in terms of increased probing depths and infrabony defects were 
evaluated. Two years postoperatively, 16.7% of patients aged < 25 years 
showed infrabony defects exceeding 4mm compared with 40.7% in patients 
aged > 26 years. At four years postoperatively, the figures were 4.2% and 
44.4% respectively. The alveolar bone level markedly improved in patients 
under 25 years of age. The age of the patient at the time of surgery was 
emphasized in the study. It was concluded that an early removal of impacted 
mandibular third molars might have a beneficial effect on periodontal health 
of the adjacent second molar.  
 In 1991, Kugelberg et al
57
, evaluated the effects of impacted lower 
third molar surgery on periodontal tissues in the adjacent second molar area in 
a prospective study comprising 176 cases from 2 age groups: < 20 years 
(n=93) and > 30 years (n=83). The preoperative and 1 year postoperative 
examinations included both clinical and radiographic variables viz: Plaque 
index, Gingival index, Probing depth, Proximal bone level and Intrabony 
defects. All the patients were subjected to a standardized surgical procedure 
and optimal plaque control pre-, intra-, and post- operatively. The age of the 
patient at the time of surgery was found to be of utmost importance as regards 
to the prevalence of postoperative intrabony defects. It was concluded that 
early removal of impacted lower third molars with large angulation and close 
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positional relationship to the adjacent second molar proved to have a 
beneficial effect on periodontal health.  
 Kugelberg et al
58
 in 1991, presented a study to identify some 
predictors of postoperative infrabony defects on distal surface of adjacent 
second molar after impacted mandibular third molar surgery. 144 patients with 
215 lower third molar removals were included in the study. The postoperative 
evaluation was done two years after impaction surgery and included both 
clinical and radiographic variables. Statistically significant predictors of 
infrabony defects found were preoperative infrabony defects on distal of 
second molar, age at the time of surgery, size of contact area between second 
and third molar, root resorption of distal root of second molar, probing depth 
on distal surface of adjacent first molar postoperatively, and presence of 
pathological follicle in relation to mandibular third molar.  
 In 1992, L.J.Peterson
68
 stated that a releasing incision can be made to 
gain wider access to remove a deeply placed impacted tooth as the envelope 
flap may not provide access. The envelope flap is associated with fewer 
complications and tends to heal more rapidly with less pain than the three 
cornered (marginal) flap. When a releasing incision is made it might also 
injure the buccal artery which would arise in bleeding.  
 The influence of incision and reflection of a flap on pain after the 
removal of partial erupted mandibular third molars was evaluated by Clauster 
et al
21
 in 1994. The patients underwent bilateral extraction of partially 
Review of Literature 
 
12 
 
impacted mandibular third molars with a standard incision on one side 
(control) and without incision (test) on the other side. They concluded that 
non-surgical approach appeared to be an effective way of reducing 
postoperative discomfort after extraction of partially impacted third molars.   
 Kuang-Yao Peng et al
67
 in 2001 evaluated the long term effects of 
impacted mandibular third molar extraction on the periodontal health of 
mandibular second molar in 57 patients. A comparison of the periodontal 
status was performed in two groups of mandibular second molars; with and 
without surgical extraction of impacted third molars. Greater periodontal 
breakdown including probing depth, attachment loss, and radiographic 
alveolar bone loss was found at the distal sites but not at the mesial sites of the 
experimental second molars, where the third molars were surgically extracted 
compared with the control teeth (no surgery). More radiographic bone loss 
was seen at the sites adjacent to the surgical location than other sites in the 
experimental molars. Hence they concluded that surgical removal of the 
impacted mandibular third molar may lead to a periodontal breakdown on the 
distal surface of the second molar. Periodontal re-evaluation after the initial 
healing of third molar extraction is indicated.  
 The influence of two mucoperiosteal flaps on the periodontal healing 
of adjacent second molars after surgical extraction of impacted mandibular 
third molars was done by Rosa AL et al
73
 in 2002. In 14 patients with bilateral 
impacted mandibular third molars, an envelope incision with a releasing 
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incision anterior to the second molar (3-cornered flap) was used on one side 
and a Szmyd flap on the other side. the periodontal status of the second molars 
was evaluated before surgery and at 3 and 6 months post operatively. The 
pocket depth, clinical attachment level and bone level of the buccal and mesial 
surfaces of the second molars were measured using a William’s periodontal 
probe. No statistical differences were found in comparing these measurements. 
But there was a significant increase in all three measurements from the 3 
month to the 6 month post operative time. Hence they concluded that 
independent of the design of the mucoperiosteal flap used in extracting an 
impacted mandibular third molar, the periodontal condition of the adjacent 
second molar worsened from 3 to 6 months, although it remained within 
normal values.  
 Kan et al
47
 in 2002 retrospectively studied the periodontal conditions 
distal to mandibular second molars 6-36 months after routine surgical 
extraction of adjacent impacted mandibular third molars. Patients were 
selected by systematic sampling from computer records of surgical mandibular 
third molar extractions. Selected patients were invited for an interview 
followed by a clinical examination. Community Periodontal Index (CPI) 
protocol was used for the assessment of the general periodontal status 
followed by a detailed periodontal examination of the mandibular second 
molar. In all 158 patients, a highest CPI score of 4 was obtained by 6% of the 
subjects but local periodontal defects were prevalent at the distal surface of the 
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mandibular second molars. Mean probing pocket depth (PPD) was 5.4 
+1.9mm with 67% subjects exhibiting PPD > 5mm and 23% exhibiting PPD > 
7mm. mean recession was 0.8 +1.0mm, bleeding on probing 96% and 
suppuration on probing 5%. Three possible risk indicators associated with 
localized increased PPD at the distal surface of the mandibular second molars 
were identified: 1) third molar mesioangular impaction 2) pre- extraction 
crestal radiolucency and 3) inadequate post operative local plaque control. 
They concluded that periodontal breakdown initiated and established on the 
distal surface of mandibular second molar in the presence of the above 
mentioned factors can predispose to a persistent localized periodontal 
problem.                  
 Suarez-Cunqueiro MM et al
82
 in 2003 compared marginal and 
paramarginal flap designs used during impacted third molar surgery. 27 
patients with 4 impacted third molars were included in this clinical prospective 
study. A marginal flap was used in one half of the jaw and a paramarginal flap 
on the other half. The influence of these flaps on wound healing, periodontal 
pocket depth of adjacent second molar, pain, trismus and swelling was studied. 
The probing depths were similar with both techniques at 3 months. It was 
inferred that there was no advantage of the use of paramarginal flap instead of 
a traditional marginal flap for removing impacted third molars.  
 The periodontal healing of mandibular second molars after the removal 
of impacted mandibular third molars using distolingual alveolectomy and 
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tooth division techniques was compared by Chang HH et al
18
 in 2004. A total 
of 120 consecutive healthy patients with bilateral impacted mandibular third 
molars were included in the study. The third molar on one side was removed 
using distolingual alveolectomy and the contralateral tooth was removed by 
the tooth division technique using burs. Clinical attachment level, periodontal 
pocket depth and bone healing distal to mandibular second molars were 
evaluated at 7 days, 3 months and 6 months after surgery. There was better 
periodontal as well as bone healing when distolingual alveolectomy was 
employed, especially in the removal of deeply impacted mandibular third 
molars.  
 In 2004, Coll AM, Ameen JR, Mead D
22
 critically reviewed some of 
the available objective and subjective measures of pain. They established the 
suitability of a Visual Analogue Scale (VAS) for measuring the intensity of 
pain after day surgery. The VAS was found to be methodologically sound, 
conceptually simple, easy to administer and unobstructive to the respondent. 
The VAS was hence seems to be most suitable for measuring intensity of pain 
after day surgery.  
 Thomas BD et al
86
 in 2004, studied the efficacy of demineralized bone 
powder (DBP) or guided-tissue regeneration therapy (DTR) in preventing 
periodontal defects on the distal aspect of mandibular second molar following 
surgical extraction of impacted third molars in patients > 26 years of age who 
require bilateral impacted mandibular third molar removal. Each subject was 
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randomly assigned to receive either DBP or GTR therapy. Within subjects, 
one third molar site was randomly selected to be the experimental site and the 
opposite third molar served as a control and was allowed to heal without 
intervention. The primary outcome variable was the change in attachment 
levels and probing depths on the distal aspect of mandibular second molar 
preoperatively and 26 weeks postoperatively. The results suggested that the 
attachment levels and probing depths improved after impacted third molar 
removal and DBP or GTR therapy did not offer predictable benefit over no 
treatment.  
 In 2005, Krausz et al
52
, evaluated the long term changes in periodontal 
health and alveolar bone height distal to the adjacent second molar following 
extraction of an impacted third molar. This split mouth study included 25 
patients who underwent extraction of one mandibular impacted third molar 
(test), whereas the opposite tooth remained intact (control). Pre- and post-
operative panoramic radiographs were then scanned and alveolar bone height 
was digitally measured on the distal aspect of second molar. Clinical 
measurements consisted of plaque index, gingival index, periodontal pocket 
depth, gingival margin position and clinical attachment level. All clinical 
parameters seemed to be unchanged. They concluded that extraction of an 
impacted third molar resulted in significant gain of alveolar bone height on the 
distal aspect of the adjacent second molar on the test side whereas slight bone 
loss was noted on the control side.  
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 The risk of having periodontal defects on the distal aspect of 
mandibular second molar after removal of impacted third molar was studied 
by Richardson.D
70
 in 2005. After reviewing 8 articles, he reported that mean 
changes in the attachment levels and periodontal probing depths distal to 
mandibular second molar 6 months after surgical removal of impacted 
mandibular third molar were clinically insignificant.  Given healthy 
periodontal status preoperatively, 48% of the patients had worsening of their 
periodontal measures after mandibular third molar removal. He concluded that 
the indication for third molar removal needs to be evaluated carefully for 
subjects with healthy periodontium preoperatively as these subjects have an 
increased risk for worsening of probing depths or attachment levels after third 
molar removal.  
 Platelet-rich plasma (PRP) is a material containing many autologous 
growth factors that may be used in repairing and preventing periodontal 
complications at the distal root of the second molar adjacent to the extracted 
third molar. Sammartino G et al
76
 in 2005 analyzed the effects of autologous 
PRP on periodontal tissues after extraction of the third molar in 18 young 
patients. They observed, at 12 weeks after surgery, a notable reduction in the 
probing depth and an improvement in the probing attachment level in those 
cases treated with PRP compared with the controls, as well as formation of 
new bone tissue in the bone defect. They showed that PRP is effective in 
inducing and accelerating bone regeneration for the treatment of periodontal 
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defects at the distal root of the mandibular second molar after surgical 
extraction of a mesioangular, deeply impacted mandibular third molar.                          
 The effect of flap design in terms of periodontal status of the preceding 
second molar after lower third molar surgery was reviewed by I.Karaca
48
 in 
2007. He stated that periodontal complications on the distal surface of the 
adjacent second molar may arise after the impacted lower third molar surgery. 
Flap designs like triangular, marginal, vertical flaps and their modifications 
have been developed to minimize these complications. It is also reported that 
selection of a flap design does not seem to have a lasting effect on the health 
of periodontal tissue. The effects of these flaps used on the periodontal status 
of the second molar have been uncertain. The decision to use any of the 
available flaps should be based on the surgeon’s preference.  
 In 2007, Tugrul Kirtilogu et al
50
, compared the effects of two flap 
designs on the periodontal health status of the mandibular second molar after 
the extraction of adjacent third molar. The third molars were removed using 
the 3 cornered flap on left side and modified Szmyd flap on the right side. The 
mean probing depth at distal and buccal sites was significantly different 
between the flaps at 1, 2 and 4 weeks postoperatively. There was no 
significant difference in preoperative and 1 year postoperative probing depth 
between the 2 flaps. They concluded that the modified Szmyd flap which 
leaves intact gingiva around the second molar has better primary periodontal 
healing than the 3 cornered flap.  
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 In 2008, Nardy et al
62
 evaluated the effect of informed consent on 
stress levels associated with removal of impacted mandibular third molars. A 
total of 60 patients scheduled for extraction were included in the study. Data 
from 20 patients established the baseline levels of electrodermal activity 
(EDA). The remaining 40 patients were randomly assigned into 2 equal groups 
receiving either a detailed document of informed consent, disclosing the 
possible risks involved with the surgery, or a simplified version. Pulse, blood 
pressure, and EDA were monitored before, during, and after completion of the 
consent document. A greater increase in EDA was associated with the detailed 
version of the consent document. The results suggest that over detailed listing 
and disclosure before extraction of impacted mandibular third molars can 
increase patient stress.  
 Michael RM et al
61
 in 2008, studied the effects of corticosteroids on 
edema, trismus and pain at early and late postoperative periods after surgical 
removal of impacted third molars. The primary predictor variable was 
perioperative corticosteroid exposure (yes or no). The 3 outcome variables 
were edema, trismus, and pain assessed during the early (1-3 days) and late 
(>3 days) postoperative time periods. They concluded that perioperative 
administration of corticosteroids produces a mild to moderate reduction in 
edema and improvement in range of motion after impacted third molar 
removal.  
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 In 2009, Guiseppe Monaco et al
29
, evaluated the influence of two 
different flap designs on periodontal healing and postoperative complications, 
after mandibular third molar removal in young patients. 12 patients underwent 
2 extractions, using a triangular flap on one side and an envelope flap in the 
other. Periodontal probing depth, operating time and post operative 
complications were recorded. Deeper probing depth was seen after 7 days in 
all teeth examined. This increase was statistically greater for the first and 
second molars when an envelope flap was used. After 3 months, probing depth 
returned to preoperative values. The average operating time for triangular flap 
was less than that of envelope flap. After 6 months, the 2 flap designs resulted 
in no difference in periodontal healing or complications but 30% of the 
surgical extractions resulted in a debilitating postoperative period for the 
patients treated. They concluded that significant differences in probing depth 
between triangular and envelope flaps 7 days after the extraction of impacted 
mandibular third molars was not important from clinical perspective, because 
periodontal healing at 3 and 6 months was comparable. Another important 
finding was the presence of a debilitating postoperative period in most of the 
patients who underwent surgical extraction, contrary to the belief of many 
surgeons.  
 George Blakey et al
28
 in 2009, assessed the impact of mandibular third 
molar removal on periodontal pathology in subjects with third molars 
asymptomatic at enrollment. Subjects in whom at least 2 third molars were 
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removed were a subsample of healthy young subjects enrolled with 4 
asymptomatic mandibular third molars. Full mouth periodontal probing data, 6 
sites per tooth, were obtained as a measure of periodontal status at each of 3 
visits: enrollment, before removal of mandibular third molars, and after 
removal of mandibular third molars. The oral cavity was divided into 
segments: the third molar region including the third molar (12 sites), distal to 
second molar (4 sites), and non-third molars (80 sites). A probing depth of > 
4mm was considered an indicator variable for periodontal pathology. The 
number and percentage of sites with a probing depth > 4mm were calculated. 
The frequency of subjects with at least one probing depth > 4mm and all third 
molars removed were compared with the frequency of subjects retaining at 
least one mandibular third molar.  Significantly fewer subjects who had all 
third molars removed had a probing depth > 4mm on the distal of their second 
molars after surgery, compared with those retaining at least one mandibular 
third molar. The number of probing depth > 4mm in the mandible was less 
after surgery if all the third molars had been removed. Hence it was concluded 
that removal of mandibular third molars significantly improved the 
periodontal status on the distal of mandibular second molars, positively 
affecting overall periodontal health.  
 A study was done to depict surgical difficulties related to third molar 
removal with symptoms and signs presented by postoperative patients, 
identifying the most frequent occurrences and postoperative complications to 
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prevent them or lessen their intensity by Fabio et al
27
 in 2009. Data were 
acquired from questionnaires answered by patients and surgeons after surgery. 
A total of 128 patients participated in this study, answering questionnaires 
regarding postoperative signs/symptoms on a daily basis for a period of 7 
days. Surgeons answered a questionnaire about the surgical procedure. Main 
patient complaints were related to swelling and bad taste/breath, considering 
that the former was more intense during the first days after operation, and the 
latter lingered during the 7-day postoperative period of research. Mouth 
opening (trismus) and eating were the main activities affected by third molar 
extraction Results show that during the first postoperative week some patients 
may experience quality reduction in their daily activities. Considering that 
objective (ie, surgery duration) and subjective (ie, difficulties during surgery) 
indicators were not related to postoperative pain, it was concluded that all 
patients are entitled to knowing that their lifestyles may be negatively affected 
by the after-effects, contributing to a better professional-patient relationship.  
 In 2009, Hazza'a AM et al
42
 investigate the association between 
pericoronitis and the angular position, state of eruption, and the depth of 
impaction of mandibular third molars as well as to compare these findings 
with similar studies. A total of 242 patients ranging in age from 18 to 41 years 
of age suffering from pericoronitis were examined. Subjective and objective 
observations were recorded on a checklist that included the name, age, gender, 
type of pericoronitis and state of eruption, position of the affected tooth for 
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each patient as well as any radiographic changes in the mandibular third 
molars. The peak age for the occurrence of pericoronitis was in the 21-25 
year-old age group. The soft tissues adjacent to vertically inclined, partially 
erupted mandibular third molars were more frequently affected by 
pericoronitis than teeth that are soft tissue impacted or erupted. Mesioangular 
erupted third molars were the teeth most frequently associated with bone loss.                                                                        
   In 2010, Carolyn Dicus et al
14
, assessed the prevalence of periodontal 
inflammatory disease on the distal side of second molars after third molar 
removal and the association between pre surgical, surgical variables and 
postsurgical periodontal outcomes. Data from 2 studies were used. In one 
study, 26 subjects had 4 asymptomatic third molars and the other 49 subjects 
had at least 1 mandibular third molar with symptoms of pericoronitis. Full 
mouth periodontal probing data, 6 sites per tooth were obtained before and 
after surgery. Probing depth of > 4mm in at least 1 site distal to second molar 
was chosen to indicate periodontal inflammatory disease. Periodontal health 
was defined as all distal to second molar probing depth < 4mm. A postsurgical 
change in distal to second molar probing depth > 2mm with resulting probing 
depth   > 4mm was considered an indicator of periodontal inflammatory 
disease. Age, time intervals, ethnicity, gender and clinical data were other 
variables examined. It was concluded that after third molar removal, 
periodontal inflammatory disease on the distal to second molars was detected 
significantly less often. None of the variables examined except for pre surgical 
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presence of distal to second molar probing depth of > 4mm were significantly 
associated with postsurgical distal to second molar periodontal inflammatory 
disease.  
 The influence of primary and secondary closure of the surgical wound 
on postoperative pain and swelling after removal of impacted mandibular third 
molars was done by Anil Kumar et al
8
 in 2010. A total of 93 patients with 
bilaterally impacted mandibular third molars were included in the study. 
Primary closure (group I) was performed on one side and secondary closure 
(group II) was performed on the other side. All the patients were assessed for 
pain and swelling using the visual analog scale 7 days after the surgery. The 
patients in the secondary closure group had a significantly lesser amount of 
pain and swelling postoperatively than the primary closure group.  
 In 2010, Sandhu at al
77
 compared the effects of flap design on the 
postoperative sequelae of pain, swelling, trismus and wound dehiscence after 
surgical removal of bilateral impacted mandibular third molars. 20 patients 
aged 20–30 years who required removal of bilateral impacted mandibular third 
molars were included in the study. Bayonet flap was used on one side and 
envelope flap on the other side for the removal of impacted mandibular third 
molar. The bayonet flap was superior to the envelope flap for postoperative 
pain and wound dehiscence. There was no difference in postoperative swelling 
and trismus between the two groups.  
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 In 2010, Carolina et al
15
 assessed the pain and swelling during the first 
week after surgical extraction of impacted mandibular third molars and the 
relationship with oral hygiene and smoking before surgery and during the 
postoperative period. A prospective study was performed on patients 
undergoing surgical extractions of impacted mandibular third molars. Pain was 
recorded on a visual analog scale from 1 to 10 and swelling on a 4-point 
descriptive scale at 2, 6, and 12 hours after surgery and daily during the first 
postoperative week. Oral hygiene and smoking before surgery and during the 
postoperative period were recorded. A total of 50 patients underwent surgical 
extraction of an impacted third molar. The maximum pain occurred during the 
first day and the maximum swelling at 24 hours after surgery. The patients 
with a lower brushing frequency before surgery reported greater pain. 
Likewise, the patients who smoked more after surgery experienced greater 
pain at 24 hours postoperatively. It was concluded that surgical extraction of 
an impacted third molar caused moderate pain and swelling during the first 24 
hours after surgery. A lower brushing frequency before surgery and during the 
first postoperative week as well as smoking after surgery was related to greater 
pain scores.  
 Haraji et al
37
 in 2010 evaluated the influence of flap design (modified 
triangular flap or buccal envelope flap) on alveolar osteitis and on healing 
following the surgical removal of an impacted mandibular third molar. A 
double-blind split-mouth clinical trial examined 17 patients with bilateral 
Review of Literature 
 
26 
 
impacted third molars. A modified triangular flap was placed on one side and 
a buccal envelope flap (control) was placed on the other side. Alveolar osteitis 
and healing were assessed at three and seven days after surgery. The modified 
triangular flap decreased the incidence of alveolar osteitis and expedited 
healing at seven days post surgery.                
 Amarillas-Escobar ED et al
4
 in 2010 evaluated the effectiveness of a 
therapeutic laser in the control of postoperative pain, swelling, and trismus 
associated with the surgical removal of impacted third molars. A double-blind, 
randomized, controlled clinical trial was conducted in 2 groups of 15 patients 
each undergoing surgical removal of impacted lower third molars under local 
anesthesia. The experimental group received 4 J/cm(2) of energy density 
intraorally and extraorally, with a laser with a diode wavelength of 810 nm 
and output power of 100 mW in a continuous wave. The control group 
received only standard management. The experimental group exhibited a 
lower intensity of postoperative pain, swelling, and trismus than the control 
group. The use of therapeutic laser in the postoperative management of 
patients having surgical removal of impacted third molars decreased 
postoperative pain, swelling, and trismus.                                                                                                                                             
 Lopez-Cedrun et al
45
 in 2011, compared the occurrence of 
postoperative complications in patients receiving either pre- or postoperative 
amoxicillin versus placebo after surgical extraction of impacted mandibular 
third molar. A randomized, double-blind, placebo-controlled clinical trial was 
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performed in 123 patients undergoing third molar surgery. The patients were 
randomized to 3 groups, according to the treatment regimen: preoperative 
amoxicillin, postoperative amoxicillin, and placebo. The clinical outcomes, 
including pain, wound infection, trismus, temperature, intra- and extraoral 
swelling, dysphagia, side effects, and postoperative complications, were 
assessed. Statistically significant differences were found in the incidence of 
pain, wound infection, temperature, trismus, and dysphagia between the 
groups receiving amoxicillin versus placebo. No significant differences in 
swelling and side effects were found among the different groups. It was 
concluded that Amoxicillin administered pre- or postoperatively demonstrated 
greater efficacy than placebo in preventing postoperative complications in 
patients undergoing third molar surgery. The best results were obtained using 
the postoperative protocol.  
 In 2011, Seidu AB et al
79
 compared the effect of total and partial 
wound closure techniques on immediate postoperative tissue reactions and 
complications after mandibular third molar surgery. 82 patients were included 
in the study, 54 males and 28 females. Patients were randomly allocated to 
partial (group I) and total (group II) wound closure groups. Data were 
collected on pain, trismus, swelling, and complications experienced by the 
patients. The partial wound closure technique after third molar surgery was 
considered to be associated with more postoperative morbidity, in view of the 
distressing nature of reactionary bleeding that was found to be associated with 
Review of Literature 
 
28 
 
it. However, patients should be adequately informed about the possibility of 
attendant facial swelling each time the technique of total wound closure is 
used. 
 The change in the periodontal status of mandibular second molars after 
surgical extraction of adjacent impacted lower third molars was evaluated by 
Javier Montero
44
 in 2011. The study was based on a 1-year follow-up of 48 
patients (20 men and 28 women) recruited consecutively after the extraction of 
an impacted lower third molar. Panoramic radiographs were obtained and 
clinical examinations were carried out at baseline to determine the periodontal 
status using probing depth and dental plaque and gingival indices both for the 
second molar and for the 4 posterior sextants. After surgical removal of the 
impacted mandibular third molars, all patients were assessed at 3, 6, 9, and 12 
months for changes in periodontal status. The periodontal health of the second 
molar was found to improve gradually after third molar surgery in all clinical 
parameters. They concluded that the initial periodontal breakdown established 
on the distal surfaces of the second molars and in the periodontal health of the 
4 posterior sextants can be significantly improved 1 year after surgical 
removal of the ipsilateral lower third molar.  
 Omer Waleed
65
 in 2011, compared the effect of submucosal versus 
intramuscular administration of dexamethasone sodium phosphate on patients' 
quality of life after surgical removal of impacted lower third molars. A 
randomized, non-blind, clinical trial was planned. The patients were randomly 
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distributed into 1 of 3 groups: submucosal dexamethasone, intramuscular 
dexamethasone, and a control group that received no steroid. A modified 
translated questionnaire was used to assess the patients' perception regarding 
different quality of life dimensions. In addition, the objective measurements of 
facial pain, swelling, and trismus were performed on days 1, 3, and 7 
postoperatively. Both dexamethasone groups showed a significant reduction in 
swelling and pain compared with the control group at all intervals. 
Submucosal dexamethasone provided significant improvement in trismus 
compared with the control group on day 1 postoperatively. They concluded 
that submucosal injection of dexamethasone 4 mg is an effective therapeutic 
strategy for improving the quality of life after surgical removal of impacted 
lower third molars with a comparable effect on postoperative sequelae to 
intramuscular injection. It offers a simple, safe, painless, non-invasive, and 
cost effective therapeutic option for moderate and severe cases.  
 In 2011, Ricardo WC
69
 presented a study to adjust a multivariate 
model to explain each of the response variables for the occurrence of surgical 
difficulty during the removal of impacted lower third molars. A prospective 
cohort study was carried out involving patients submitted to at least one 
surgical removal of an impacted lower third molar. A total of 285 patients 
fulfilled the eligibility criteria and 473 surgeries were performed. Preoperative 
variables indicative of surgical difficulty were recorded. All surgical 
procedures were performed under the same conditions by two surgeons who 
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were unaware of the data collected in the pre-selection phase. Root number 
and morphology, tooth position, periodontal space and second molar relation 
were significant predictors of surgical difficulty, whereas patient age gender, 
body mass index, associated pathologies, relation with mandibular canal and 
width of 3rd molar crown were not significant predictors. Many factors 
contribute to surgical difficulty, but considering these factors individually, 
some are only determinants of either difficulty or complications. Thus, not all 
significant predictors of surgical difficulty should be considered indicators of 
complications. 
 Khande K et al
49
 in 2011, evaluated the primary and secondary 
closure techniques after surgical removal of impacted third molars in terms of 
healing, postoperative pain and swelling. 60 patients with impacted 
mandibular third molars were randomly divided into two groups of 30. 
Panoramic radiographs were taken to assess degree of eruption and to assess 
third molar angulations to the long axis of second molar. Teeth were extracted 
and in group I the socket was closed by hermetically suturing the flap. In 
group II a 5-6mm wedge of mucosa distal to second molar was removed and 
repositioned. Interrupted sutures were given forming a triangular opening of 
5x5mm distal to second molar. Swelling and pain were evaluated for 7 day 
after surgery with the VAS scale. Pain, swelling and trismus were 
considerably less in secondary closure group. They concluded that in case of 
equal operative difficulty, open healing of surgical wound after removal of 
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impacted third molars produced less postoperative swelling and pain than 
occurs with closed healing, by hermetically suturing the socket.    
 In 2011, Sridhar et al
80
 evaluated the perioperative use of 0.2% 
chlorhexidine gluconate for the prevention of alveolar osteitis, to assess the 
patient compliance to chlorhexidine and to prepare a comprehensive treatment 
plan to prevent alveolar osteitis after surgical removal of impacted mandibular 
third molar. A prospective study was done on 50 patients who require bilateral 
impacted mandibular third molars which were indicated for extraction. 
Extraction on one side was done without using any mouth rinse. While 
extracting on the opposite side, patients were instructed to use chlorhexidine 
0.2% (rexidine) mouth rinse for 30 seconds twice a day with 15mL of the rinse 
with 1:1 dilution in clear water. All the patients were evaluated for pain, 
presence or absence of clot and condition of the alveolar bone for the 
diagnosis of dry socket. The incidence of dry socket was 8% when the patients 
did not use the mouth wash and it was statistically significant. They conclude 
that the incidence of dry socket can be reduced significantly by using 0.2% 
chlorhexidine gluconate mouth rinse after surgical extraction of impacted 
mandibular third molars.    
 Ana et al
5
 in 2011, described a modified device for intraoral 
radiography which was developed to obtain reproducible radiographic images 
for assessment of distal osseous defects of the mandibular second molar after 
impacted third molar surgery. A commercial available alignment system for 
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posterior region was modified by adding a reference gauge pin and threading a 
hollow acrylic cylinder at the ring of the radiographic positioner to attach the 
X-ray collimator. A customized acrylic resin stent was of 2mm was included 
in the design. This technique provided standard periapical radiographs with a 
moderate to high resolution, repeatability and accuracy. This technique 
allowed better reproducibility in posterior radiographic records distal to 
second mandibular third molars and more accurate measurements of 
radiographic bone level by the use of millimetre pin.                                                                                                                      
 In 2011, Gupta et al
34
 evaluated impacted mandibular third molars for 
their angulation, level of eruption, third molar space and relation of inferior 
alveolar canal with their roots. Panoramic radiographs were obtained after 
written consent and traced. Out of 578 individuals 307 (53.11%) were males 
and 271 (46.89%) females. Maximum number of IM3M were in 18-27 years 
age group (398 i.e. 68.89%). Out of 988 IM3M, 39.93% were vertically 
placed. 61.84% IM3M were found at level A. Class II (79.65%) was the most 
common relation for third molar space. They concluded that panoramic 
radiographs can be used as reliable investigation for evaluation of impacted 
mandibular third molars.                           
 Surgical removal of impacted third molars remains the most common 
procedure performed by oral and maxillofacial surgeons. Given the abundance 
of host bacteria within the operative sites, surgical site infections are among 
the most common complications of third molar removal, with an estimated 
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frequency of 1% to 30%. Susarla et al
83
 in 2011, studied the effects of 
antibiotics on the frequency of surgical site infection after impacted 
mandibular third molar. A comprehensive review of the available data on 
antibiotic prophylaxis in impacted third molar surgery was done and specific 
recommendations on antibiotic use given.                                                                                                                                       
 The association between bone quality and fracture risk in the 
mandibular angle with the presence of impacted/semi-impacted third molars 
and after their extraction is controversial. Alonso et al
3
 in 2011 assessed 
mandibular bone   quality in digital radiographies of patients after extraction 
of impacted/semi-impacted lower third molars. A total of 130 sets of digital 
panoramic radiographies were selected and divided into the following three 
groups: Group 1 with 50 panoramic radiographies of patients with 
impacted/semi-impacted lower third molars, Group 2 with 30 panoramic 
radiographies of patients with lower third molar agenesis, and Group 3 with 50 
panoramic radiographies of patients after extraction of impacted/semi-
impacted lower third molars. The mandibular angular cortex was the 
anatomical structure used as parameter for bone quality assessment. It was 
concluded that the absence of impacted/semi-impacted lower third molars, was 
associated with a significant increase in cortical width.                          
 Hassan et al
39
 in 2011, evaluated the clinical and radiographic 
measurements of mandibular first molar bone support after mandibular third 
and second molar extraction and immediate augmentation of the extraction site 
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with a combined autogenous bone graft with Bio-Oss materials. A pyramidal 
full-thickness mucoperiosteal flap with one distal releasing incision was used 
for removal of impacted third and second molars. The osseous defects distal to 
first molar and extraction site was filled with the composite bone graft and 
covered with Bio-Gide membrane. After 1 year, there was a successful defect 
regression and gain of bone and clinical attachment level. Moreover, there was 
a reduction of probing pocket depth and gingival inflammation. They 
concluded that grafting of osseous defects and extraction site with autogenous 
bone graft combined with Bio-Oss materials will predictably result in a 
decreased risk of developing a periodontal defect on the distal aspect of 
mandibular first molar.                                        
 Briguglio et al
12
 in 2011 compared the influence of three full-thickness 
flaps on the periodontal healing of the adjacent second molar after extraction 
of impacted mandibular third molars. 45 patients with bilateral impaction of 
the mandibular third molars were selected. Each patient was randomly 
assigned to one of three groups: group A (envelope flap modified by Thibauld 
and Parant), group B (Laskin triangular flap), and group C (envelope flap 
modified by Laskin). The periodontal health of the second molars was 
evaluated at 3, 6, 12, and 24 months after surgery via clinical measurements. 
There was a statistically significant reduction of pocket probing depth and 
increase of clinical attachment level in group B compared to the other groups 
24 months after surgery. They concluded that regardless of the flap design, the 
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periodontal conditions of the adjacent second molar deteriorated after 12 and 
24 months.                    
 The influence of triangular and envelope flaps on trismus, pain, and 
facial swelling after mandibular third molar surgery was done by Erdogan et 
al
26
 in 2011. 20 patients were operated with envelope flap on one side and 
triangular flap on the other side. Trismus was determined by measuring 
maximum interincisal opening, and facial swelling was evaluated using a tape 
measuring method. Pain was determined using visual analog scale (VAS) and 
recording the number of pain pills taken. Envelope flap yielded to less facial 
swelling and reduced VAS scores in comparison to triangular flap. There was 
no clinical difference in trismus between the two flap designs. Despite the 
higher VAS scores with triangular flap, no additional doses of analgesics were 
required in triangular flap.                                                                                                                                             
 Corinaldesi et al
23
 in 2011 compared the healing of periodontal 
intrabony defects at distal surfaces of mandibular second molars using 
bioabsorbable and non-resorbable membranes. Eleven patients with bilateral 
probing depths  ≥6 mm distal to mandibular second molars and intrabony 
defects ≥3 mm, related to the total impaction of mandibular third molars, were 
treated with mandibular third molar extraction and covering of the surgical 
bone defect with a bioabsorbable collagen barrier on one side and a non-
resorbable expanded polytetrafluoroethylene (ePTFE) barrier contralaterally. 
Bioabsorbable collagen membranes in guided tissue regeneration treatment of 
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intrabony defects distal to the mandibular second molar obtained the same 
marked PD reductions and CAL gains as non-resorbable ePTFE membranes 
after impacted mandibular third molar extraction.                        
 The surgical removal of impacted mesioangular mandibular third 
molars may produce trauma to the soft tissues and bony structures. In 
particular, healing of post extraction socket may cause periodontal defects at 
the distal root of the second molar. Ruga et al
74
 in 2011 assessed the outcomes 
of a surgical protocol to remove mandibular third molars including the use of 
ultrasound bone surgery devices and platelet-rich fibrin (PRF) as a grafting 
material. In the study group, alveolar socket fulfilment was rated as sufficient 
in 4 cases and adequate in the remaining 10 cases, whereas in the control 
group, it was rated as insufficient in 3 cases, sufficient in 4 cases, and 
adequate in 7 cases. Mean preoperative periodontal probing in the control 
group was 3.78 mm, whereas in the study group, it was 3.93 mm. Six months 
after surgery, mean periodontal probing was 3.28 mm in the control group and 
3.07 mm in the study group. They concluded that combined action of PRF and 
piezoelectric surgery can be considered a safe and fine technique for third 
molar surgery and alveolar socket healing.      
 Chen ZF
19
 in 2011 investigated the effects of tissue engineered bone 
scaffold material in the restoration of alveolar socket after extraction of lower 
impacted third molar. Thirteen patients were immediately implanted with Bio-
oss or PerioGlas  in the alveolar cavity after impacted mandibular third molar 
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extraction. Clinical observation and X-ray were taken 1 to 12 weeks after 
operation. Thirteen patients did not experience postoperative complications. 
The distal alveolar height of the second molar and the gingival attachment did 
decrease significantly 1 to 12 weeks after operation. They concluded that 
tissue engineered bone scaffold material is helpful in the restoration of 
alveolar socket after impacted third molar extraction.                                                                                                                                                                                                    
 Pain, swelling, trismus, and alveolar osteitis often occur after removal 
of impacted third molar teeth. To minimize these complications a number of 
mucoperiosteal flap designs have been advocated, but, to date, a pedicle flap 
design has not been evaluated. Sam MG et al
75
 in 2012 evaluated the 
influence of pedicle flap design on acute postoperative sequelae after surgical 
extraction of impacted mandibular third molars. 52 patients with bilateral 
symmetrically impacted mandibular third molars were included in the study. A 
buccal envelope or pedicle flap was randomly assigned to the left or right third 
molar site. Pre-and postoperative pain and swelling were recorded using a 
standardized visual analogue scale, trismus was measured as the maximum 
inter-incisal opening distance in millimetres and dry socket was assessed 
clinically. The pedicle flap improved some aspects of postoperative pain 
experience and reduced the incidence of alveolar osteitis, but further 
investigation with a larger sample size is required to evaluate its significance. 
 In 2012, Aznar-Arasa et al
10
 compared the analgesic and anti-
inflammatory effects of preoperative and postoperative administration of 
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ibuprofen after the surgical removal of impacted lower third molars. A triple-
blind, randomized, placebo-controlled clinical trial of 120 patients requiring 
the surgical removal of lower third molars was performed. The subjects were 
randomized into the experimental group in which patients were administered 
600 mg of ibuprofen 1 hour before the surgical procedure, followed by 
placebo just after the end of the operation or into the control group where the 
subjects received the same medication but the administration sequence was 
reversed. Pain was assessed using visual analogue scales, and consumption of 
rescue analgesic. The facial swelling and trismus were evaluated by measuring 
facial reference distances and maximum mouth opening. The preoperative 
intake of ibuprofen does not seem to reduce pain, facial swelling and trismus 
after impacted lower third molar removal when compared to the postoperative 
administration of the same drug.  
 The effects of two commonly used flap designs (envelope and 
triangular) used for the removal of mandibular third molars on postoperative 
morbidity was investigated by Baqain et al
11
 in 2012. 19 patients with 
bilateral symmetrically impacted mandibular third molars were studied using a 
split mouth design. Swelling, pain and trismus measures were recorded on 
days 2, 7 and 14; periodontal indices were recorded on days 7 and 14, one 
final measure of probing depth on the distal aspect of the mandibular second 
molar was taken at the last follow up appointment. There was no significant 
difference in pain scores, plaque accumulation and bleeding on probing 
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indices between the two flap designs. Probing depth was significantly greater 
with envelope flaps in the early postoperative period. They concluded that flap 
design in mandibular third molar surgery had an effect on postoperative 
recovery.  
 In 2012, Ana IF at al
6
 estimated the prevalence of preoperative 
periodontal defects and analyzed 12-month spontaneous healing on the distal 
aspect of the mandibular second molar after impacted mandibular third molar 
extraction. This prospective clinical study was conducted in 25 healthy young 
patients with 40 extractions of higher-risk periodontal impacted mandibular 
third molars. Plaque and gingival indices, recession, bleeding on probing, 
probing depth , and attachment level were recorded before surgery and at 3, 6, 
and 12 months after surgery at 5 sites on the distal aspect of the mandibualr 
second molar. The initial mean probing depth was 5.70 ± 3.80 mm, with the 
deepest mean probing depth at the lingual side. At 12 months, a mean probing 
depth average of 3.77 ± 2.86 mm was recorded, with a total average recovery 
of 1.93 ± 2.46 mm, that was higher at 3 months. The PD and attachment level 
improvements were statistically significant. It was concluded that impacted 
mandibular third adjacent to mandibular second molars lead to periodontal 
defects that are deepest at the lingual side and almost recover at 12 months 
after extraction. The first 3 months is considered the cutoff for periodontal 
healing. Young adults with high-risk periodontal mandibular third molar 
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impactions may benefit from early extraction, which increases spontaneous 
periodontal healing. 
 In 2012, Romina BP et al
72
 investigated the efficacy and safety of 
low-level laser energy irradiation (LLEI) for decreasing pain, swelling, and 
trismus after surgical removal of impacted mandibular third molars. Ten 
eligible trials were included in this systematic review. Because of 
heterogeneity in the intervention and outcomes assessments, pain and swelling 
outcomes were only qualitatively summarized and indicated no beneficial 
effects of LLEI over placebo. Patients receiving LLEI had an average of 4.2 
mm and 5.2 mm less trismus than patients receiving no active treatment on the 
second and seventh day after the surgery, respectively. There was no benefit of 
LLEI on pain or swelling and a moderate benefit on trismus after removal of 
IMTMs. It is necessary to standardize the intervention and outcomes 
assessment and to conduct adequately powered, well-designed trials to 
evaluate the efficacy of LLEI.  
 Dolanmaz D et al
25
 in 2012, evaluated the effect of two flap designs 
(envelope and modified triangular flap) on postoperative pain and swelling 
after impacted mandibular third molar surgery. 30 patients who had bilateral 
impacted mandibular third molars were selected. Left teeth were approached 
with an envelope flap and right teeth were removed using a modified 
triangular flap. Pain and postoperative swelling were reviewed until the 7
th
 day 
postoperatively. There was no significant difference between the envelope flap 
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and modified triangular flap designs on postoperative pain and swelling after 
impacted third molar surgery.   
 Koyuncu et al
51
 in 2012, estimated the effects of flap design on 
alveolar osteitis and post operative side effects on third molar surgery. 80 
patients with impacted mandibular third molars were included in the study. 
Envelope flap and modified triangular flap were compared. The primary 
outcome variable was alveolar osteitis and the secondary outcome variables 
were pain, swelling and trismus. Envelope flap had higher incidence of 
alveolar osteitis that was not statistically significant. On the second day, 
postoperative pain and swelling were significantly higher. They concluded that 
modified triangular flap had the advantage of less postoperative pain and 
swelling but had the disadvantage of alveolar osteitis.  
 Corticosteroids are frequently administered to reduce trismus and 
swelling after dentoalveolar surgical procedures. Acham et al
1
 in 2012, 
evaluated the influence of a single, preoperative oral application of 
methylprednisolone on postoperative trismus, pain intensity and the subjective 
need for analgesic medication after surgical removal of impacted mandibular 
third molars. 60 healthy patients requiring similar bilateral impacted 
mandibular third molars were included in the study. At random, each patient 
received either weight dependant methylprednisolone (40-80mg) or a placebo 
1 hour prior to surgery. Trismus, pain and swelling were measured on a 
100mm visual analogue scale and the postoperative demand for analgesics was 
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assessed. Significant reduction of trismus, swelling, pain intensity and patient-
controlled intake of analgesics during the whole postsurgical period (1-7days) 
were observed. It was concluded that a single preoperative weight dependant 
administration of methylprednisolone is a safe and effective concept for 
diminishing postoperative discomfort, pain intensity, and the total intake of 
analgesics after surgical removal of impacted mandibular third molars.  
 Hassan et al
40
 in 2012, evaluated the use of xenograft and a membrane 
as grafting material for periodontal osseous defects distal to the mandibular 
second molar compared with non-grafted extraction sites after the surgical 
removal of impacted third molar. Patients aged 30-35 years who had high risk 
of periodontal osseous defects distal to mandibular second molar was included 
in the study. The outcome variables were change in gingival index, pocket 
probing depth, and clinical attachment level on the distobuccal aspect of 
second molar preoperatively, and at 3, 6, 9 and 12 months postoperatively. 
There was statistically significant gain in the clinical attachment level and a 
reduction in probing depth in grafted sites compared with non-grafted sites. 
Grafting of osseous defects distal to mandibular second molars with xenograft 
plus a membrane could prevent periodontal disease in the future.                                 
 Hashemi et al
38
 in 2012, evaluated the influence of sutureless and 
multiple-suture closure of wounds on postoperative complications after 
extraction of bilateral, impacted, mandibular third molars in 30 patients in a 
split mouth study. After the teeth had been removed, on one side the flap was 
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replaced but with no suture to hold it in place (study side), and on the other 
side the wound was closed primarily with three sutures (control side). 
Recorded complications included pain, swelling, bleeding, and formation of 
periodontal pockets. The patients had significantly less postoperative pain and 
swelling when no sutures were used. There were no signs of excessive 
bleeding or oozing postoperatively on either side. Six months postoperatively 
there was no significant difference in the depth of the periodontal pocket 
around the second molar.           
 Goyal M et al
31
 in 2012 compared the use of a conventional rotary 
handpiece and a Piezosurgical unit for extraction of lower third molars. They 
studied 40 patients, who were allocated alternately to have the third molar 
removed with either the handpiece or the Piezosurgical unit. Pain, trismus, and 
edema were evaluated at baseline and then postoperatively, together with 
paraesthesiae, on postoperative days 1, 3, 5, 7, and 15. Their results suggest 
that apart from some inherent limitations with the Piezotome, it is a valuable 
alternative for extraction of third molars.                                                                        
 Célio-Mariano R et al
17
 in 2012 radiographically evaluated the 
performance of autologous platelet-rich plasma (PRP) applied in tooth sockets. 
Thirty extractions of bilateral impacted mandibular third molars were 
performed in 15 volunteers. After extraction of right and left mandibular third 
molars, the socket at one side received the autologous PRP (PRP group) and 
the other was filled with blood clot (control group). Millimeter periapical 
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radiographs were obtained 7 days, 1 month, and 2, 3, and 6 months 
postoperatively. There was significantly faster bone formation in sockets 
treated with PRP. Autologous PRP was found to accelerate alveolar bone 
regeneration, and men presented better repair after tooth extraction.   
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MATERIALS AND METHODS 
 The present study was conducted in the Department of Oral and 
Maxillofacial Surgery, Ragas Dental College and Hospital, Uthandi, Chennai. 
ASA I (All American Society of Anaesthesiologist classification I) patients 
who required removal of mesioangular impacted mandibular third molars, 
with Pell and Gregory classification class I or II and Position A or B were 
included in the study. Indication of impacted third molar removal resulted 
from prophylactic or orthodontic considerations. Medically compromised 
patients, pregnant patients, patients with acute pericoronitis were excluded 
from the study. 
 All the patients were explained about the procedure and informed 
consent was obtained from the patients. Ethical committee approval was 
obtained from our institution review board. Prior to third molar extraction, 
clinical and radiographic examination were done.  
             The patients were examined and a general medical history was taken, 
including smoking habits, menstrual cycle and use of oral contraceptives. The 
clinical examination was carried out on the general health of the patient, 
periodontal health of the lower second molar adjacent to the extraction site. 
Assessments were made regarding the oral hygiene standard, gingival 
condition and periodontal tissue breakdown in terms of increased probing 
depths and intra bony defects. Preoperative radiographic examination included 
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orthopantamogram and intraoral periapical radiograph. Assessments were 
made regarding the inclination of third molar, its state of eruption and contact 
relationship to adjacent second molar. 
Baseline examination comprised the following variables. 
1. Gingival margin to cementoenamel junction distance in relation to 
distal root of lower second molar 
2. Probing depth in relation to distal root of lower second molar 
3. Clinical attachment level in relation to distal root of lower second 
molar 
4. Assessment of bone level in relation to distal root of lower second 
molar in a radiograph 
5. Visual Analogue Scale for pain and sensitivity 
6. Gingival index 
7. Plaque index 
Probing Depth: It is the distance from gingival margin to the bottom of the 
periodontal pocket 
Clinical Attachment Level: It is the distance from cementoenamel junction to 
the bottom of the periodontal pocket 
Bone Level: It is the distance from cementoenamel junction to the alveolar 
bone crest 
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All the sites were measured by the same examiner using William’s periodontal 
probe and an average of measurements was calculated.  
Surgical procedure:  
         Patients were prepared and draped. Using 2% lignocaine hydrochloride 
with adrenaline 1:80,000, inferior alveolar nerve block and long buccal nerve 
block was given. After obtaining anaesthesia the mouldable plastic cheek 
retractor was placed to prevent inadvertent damage to cheek mucosa and a 
mouth prop was placed. The patients were randomly allocated to any one of 
the flap designs namely Envelope, Wards or modified Ward’s incision to 
expose the impacted mandibular third molar. 
Envelope Incision: The incision starts on the ascending ramus, following the 
centre of the third molar shelf to the distobuccal surface of the second molar, 
and then extends as a sulcular incision to the mesiobuccal corner of the second 
molar. This flap is adequate for most mesial inclined and superficial 
impactions. This incision can be extended to the mesiobuccal surface of the 
first molar for better visibility and access.  
Ward’s Incision: Anterior vertical releasing incision curves forward from the 
distobuccal corner of the crown of the lower second molar and ends alongside 
the mesiobuccal cusp of that tooth. Crevicular incision is then extended 
distally level with the buccal side of the tooth to the external oblique ridge. If 
the anterior part of the flap is elevated from the bone one blade of a pair of 
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scissors may be inserted onto the surfaces of the bone and the incision 
completed by closing the blades. Posterior part of the incision must slope 
outwards as well as backwards, for the ascending ramus lies to the lateral side 
of the body of the mandible.  
Modified Ward’s incision: Anterior vertical releasing incision curves 
forward from the distobuccal corner of the crown of the lower first molar and 
ends alongside the mesiobuccal cusp of that tooth. Crevicular incision should 
be made through the buccal gingival crevice of the second molar. Incision is 
then extended distally level with the buccal side of the tooth to the external 
oblique ridge. If the anterior part of the flap is elevated from the bone, one 
blade of a pair of scissors may be inserted onto the surfaces of the bone and 
the incision completed by closing the blades. Posterior part of the incision 
must slope outward as well as backwards, for the ascending ramus lies to the 
lateral side of the body of the mandible.  
Removal of bone and tooth:  
 After incision placement, Austin’s retractor is used for flap reflection 
and lingual mucosa and lingual nerve is protected along with the linguo 
mucoperiosteum by Rugieme end of Howarth’s elevator and held by chain of 
Meckesson’s mouth prop. Bone guttering and tooth splitting was done using 
703 bur with copious saline irrigation. Then the tooth luxated and elevated out 
of the socket using straight shank elevator. Sharp bony margins were 
smoothened using a Miller’s bone file and socket curetted and irrigated using 
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saline and povidone iodine. Primary wound closure was done with 3-0 braided 
silk. Post operatively all the patients received Inj. Dexamethasone and Inj. 
Diclofenac sodium intramuscularly. Post operative instructions were given and 
patients were prescribed with a standard antibiotic regimen which consisted of 
Cap.Amoxycillin 500mg TDS, Tab.Metrogyl 400mg TDS, Tab.Brufen 400mg 
BD, Tab.Rantac 150mg BD for a period of 5 days. Suture removal was done 
after 7 days and reviewed postoperatively after 1 month, 2 months and 6 
months. 
 
PROFORMA 
OP No:                                                                                               Age/Sex:  
Name:                                                                                                Date:  
Occupation:                                                                                      Religion: 
Address:                                                                                             Income:  
 
Chief complaints and Duration:  
 
 
History of present illness:  
 
 
Past medical history:  
Hypertension                                                                                                                                           
Asthma                                                                                                                            
Tuberculosis                                                                                                                                                          
Drug Allergy                                                                                                                                          
Diabetes                                                                                                                                                 
Bleeding Disorders                                                                                                                              
Cardiovascular System                                                                                                                                      
Anemia                                                                                                                                                                  
Previous History                                                                                                                                           
Presently Anemic ?                                                                                                                                       
Others                                                                                                                                                                                                             
   
Present Dental History:  
 
Personal History:  
 
Clinical Evaluation: Erupted   /   Partially Erupted /  Non Erupted  
Interpretation of Radiograph:  
 
 
 
 
Classification:  
Winter’s:  White Line  
                   Amber Line  
                    Red Line  
 
 
Pell and Gregory’s:  
                   Class I                                        Class II                                        Class III           
                  Position A                               Position B                                   Position C          
Position and Depth:  
 
Root Pattern:  
 
Shape of Crown:  
 
Follicular Space:  
                                                                
Texture of Bone:   Elastic                                                  Sclerotic   
Inferior Alveolar Canal:  
 
Second Molar:    Root Pattern -  
                              Distal Caries –  
 
Difficulty Index:   
Vertical – 1                                     Class I– 1                                    Position A– 1  
Mesioangular –2                          Class II–2                                     Position B– 2  
Horizontal-3                                  Class III-3                                     Position C- 3  
Distoangular-4  
                                          3-5 – Not Difficult 
                                          6-7 – Moderate  
                                          8-10 – Very Difficult  
Post Operative Medication:  
FLAP DESIGN :                                                                                                                         
Distal root of 
II molar 
PRE – OP   1 MONTH  2 MONTHS  6 MONTHS 
 DB  DL DB    DL DB DL DB
 D
L 
Gingival 
margin to CEJ 
(mm) 
    
Probing Depth 
(mm) 
    
Clinical 
Attachment 
Level (mm) 
    
                                                
Bone Level (mm) PRE –OP 6 MONTHS 
 
 
VAS  for  PAIN :                                                                                          
  PRE - OP   1 MONTH  2 MONTHS  6 MONTHS 
0      
1-3     
4-7     
8-10     
 
 
VAS  for SENSITIVITY :  
  PRE-OP  1 MONTH  2 MONTHS  6 MONTHS 
0     
1-3     
4-7     
8-10     
 
PLAQUE INDEX: 
PRE-OP            1 MONTH      2 MONTHS     6 MONTHS 
            
          
 
Plaque index  =                     +        +       +                     = 
               4 
  
GINGIVAL INDEX: 
PRE-OP            1 MONTH       2 MONTHS     6 MONTHS 
            
          
 
Gingival  Index =                  +       +      +              =  
             4 
 
 
 
 
 
  
Kugelberg Risk Index M3 
Variable  Value 
Preop Plaque Index Not visible – 0 , visible – 1  
Preop Probing Depth < 6mm – 0, > 6mm – 1  
Preop Intrabony Defect < 3mm – 0, > 3mm – 1  
Sagittal Inclination Third Molar < 500 – 0, > 50o – 1  
Contact Area second and third molar Small – 0 , large – 1  
Resorption distal root of second molar No – 0, Yes – 1  
Pathological widening of follicle of third molar No – 0, Mesial > 2.5mm – 1  
Smoking Habits No – 0, Yes – 1  
 
 
Risk Index M3 Index Score 
No risk < 1 
Low risk 2 
Moderate risk 3 
High risk > 4 
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Fig.3: PERIODONTAL PROBE ON DISTOBUCCAL ASPECT                               
OF SECOND MOLAR 
 
Fig.4: PERIODONTAL PROBE ON DISTOLINGUAL ASPECT                              
OF SECOND MOLAR 
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Fig.6: ENVELOPE FLAP 
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Fig.7: WARD’S FLAP 
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Fig.8: MODIFIED WARD’S FLAP 
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RESULTS 
Descriptive statistics was done for all the groups at all the time points. 
Mann-Whitney test was used to compare the mean values between two groups 
at each time point. Wilcoxon Signed Ranks test was done to compare the mean 
values between two time points for all the three groups. These tests were done 
for age, sex, probing depth – distobuccal and distolingual, gingival margin to 
cementoenamel junction distance – distobuccal and distolingual, clinical 
attachment level – distobuccal and distolingual, bone level, plaque index, 
gingival index, VAS pain score, VAS sensitivity score.  
The study population consisted of 30 patients, 14 males and 16 
females. The age of the patients ranged from 18 to 45 years. Mean = 27.8 + 8 
years. The patients were randomly allotted to envelope, ward’s or modified 
ward’s incision group for the removal of impacted lower third molar. There 
was no statistically significant difference between the three groups based on 
age or gender (Table 1, table 2, table 3). 
PROBING DEPTH: 
Distobuccal: 
The preoperative mean probing depth on the distobuccal surface of the 
mandibular second molar were 4.3 + 0.7mm, 3.8 + 1.2mm, 4.2 + 1.2mm for 
the envelope, ward’s and modified ward’s incision respectively. There was no 
statistically significant difference between the three groups on preoperative 
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mean probing depth. All three groups showed an increase in probing depth at 1 
month post operatively by about 0.6mm (Table 4). A statistically significant 
increase in mean probing depth at the end of one month was found for the 
envelope and wards incision (Table 6).  
The probing depth was decreased for all three incision groups by about 
0.4mm at 2 month post operatively when compared to the preoperative 
measurement. However the reduction in probing depth was not significant for 
ward’s and modified ward’s incision but was significant for the envelope 
incision.  
At 6 months postoperative period, the mean probing depth decreased 
by 0.9mm, 0.5mm, 1.1 mm for the envelope, ward’s and modified ward’s 
incision respectively.  At the end of 6 months there was a statistically 
significant reduction in mean probing depth for the envelope and modified 
ward’s incision when compared to their respective pre operative 
measurements. But the reduction in probing depth was not statistically 
significant for the ward’s incision when compared to its preoperative value.  
When the three flap designs were compared to each other there was no 
statistically significant difference between any groups at any point of time 
interval.  (Table 4, Table 5).  
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Distolingual: 
Table 7 shows the mean probing depth at the distolingual aspect of 
lower second molar increased about 0.4mm, 1.0mm, 0.7 mm one month post 
operatively for the envelope, wards and modified wards incision respectively. 
The probing depth decreased as the healing of the extracted third molar socket 
progresses. Six months post operatively there was a reduction of about 0.8mm, 
0.5mm, 1.0mm for the envelope, wards and modified ward’s incision 
respectively when compared to the pre operative mean probing depth 
measurements.  Table 8 demonstrates that there was no statistically significant 
difference in the mean probing depth variation between the groups at any point 
of time namely 1, 2, 6 months duration.  
Table 9 shows there was statistically significant increase in probing 
depth for the wards incision at 1 month post operative period when compared 
to the pre operative measurement. At two months post operatively all three 
groups showed decrease in probing depth but was not statistically significant. 
Statistically significant reduction in probing depth was found for the envelope 
and modified wards incision at 6 months post extraction period whereas for 
the wards incision the improvement in periodontal pocket was not statistically 
significant.  
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GINGIVAL MARGIN TO CEMENTOENAMEL JUNCTION: 
Distobuccal:  
The mean value between gingival margin to cement enamel junction 
on the distobuccal aspect of lower second molar were 2.0 + 0.5 mm for 
envelope, ward’s incision and the modified ward’s incision (table10). There 
was no statistically significant difference in the preoperative measurement 
between the groups (table 11). One month post operatively the gingival margin 
to CEJ increased by 0.4mm, 0.1mm, 0.3mm for the envelope, wards and 
modified wards incision respectively. Two months post operatively the values 
returned to the pre operative measurements. At 6 months post operatively the 
values are same as that of preoperative measurements (2.1mm) for the 
envelope and modified incision where as Modified wards incision exhibited 
0.2 mm less than the preoperative measurement. However the differences 
between the three groups were not statistically significant at any point of time 
(table 11).  There was no statistically significant difference found between the 
preoperative and 6 months postoperative measurements (Table 12). When the 
three flap designs were compared to each other there was no statistically 
significant difference between any groups at any point of time interval.  
Distolingual:  
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On the distolingual aspect of lower second molar the mean 
preoperative measurements were 2.0mm, 2.0mm and 1.9 mm for the envelope, 
wards and modified wards incision respectively. The values increased by 
0.1mm for the envelope, wards incisions and by 0.4mm for the modified 
wards incision at 1 month post operatively. The values returned to the 
preoperative value at 2 months post operatively and stable even at 6 months 
post operative period. There was no statistically significant difference between 
the preoperative and 6 months post operative measurements. The difference 
between the three incision groups was also statistically insignificant at any 
points of time (Table 14, 15). 
CLINICAL ATTACHMENT LEVEL:                             
 Distobuccal:  
The preoperative mean clinical attachment level on the distobuccal 
aspect of second molar were 2.2 + 0.9mm, 1.8 + 1.2mm, 2.1 + 1.1mm for the 
envelope, wards and modified wards incision group respectively. The mean 
clinical attachment level one month post operatively were 2.6 + 0.9mm, 2.3 + 
1.1mm, 2.3 + 0.6mm which was slightly higher than the preoperative value 
indicating attachment loss during the immediate post operative period. 2 
months post operatively the measurements decreased by 0.6mm, 0.2mm, 
0.3mm for the envelope, wards and modified wards incision respectively. At 6 
months postoperatively the measurements for all the three flap designs were 
lower than the preoperative level, indicating improvement in periodontal 
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health (table 16). There was statistically significant difference between 
preoperative and 6 month postoperative measurement for the envelope and 
modified wards group and not for the wards group (table 18). There was no 
statistically significant difference between any groups at any point of time 
interval when they were compared to each other (table 17).  
Distolingual:  
The preoperative mean clinical attachment level on the distolingual 
aspect of the lower second molar were 2.0 + 1.2mm, 1.7 + 1.2mm, 2.1 + 
1.2mm for the envelope, wards and modified wards incision group 
respectively. At 1 month postoperatively there was an increase of 0.3mm, 
0.9mm, 0.3mm for the envelope, wards and modified wards incision group 
respectively (table 19). This increase was statistically significant for the wards 
incision and not for the other two flaps indicating attachment loss (table 21). 
At 2 months postoperatively the measurements returned to the baseline levels 
for all the three flaps. At 6 months postoperatively the measurements for all 
the three flap designs were lower than the preoperative level, indicating 
improvement in periodontal health.  There was statistically significant 
difference between preoperative and 6 month postoperative measurement for 
the envelope and modified wards group and not the wards group (table 21). 
When the three flap designs were compared to each other there was no 
statistically significant difference between any groups at any point of time 
interval (table 20).  
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PLAQUE INDEX: 
The preoperative mean plaque indices for the mandibular second molar 
were 1.2 + 0.2, 1.1 + 0.3, 1.2 + 0.3 for the envelope, wards and modified 
wards incisions respectively. At 1 month postoperatively there was an increase 
in the plaque index for all the three flaps owing to decreased oral hygiene in 
the second molar region (table 22). This increase was statistically significant 
compared to preoperative values for all the three flap designs (table 24). At 2 
months postoperatively the measurements returned to the baseline levels for 
all the three flaps. At 6 months postoperatively the plaque index was lower 
than the preoperative level for all the three flaps owing to better oral hygiene. 
There was statistically significant difference between preoperative and 6 
month postoperative measurements for the modified wards incision group and 
not for the other two groups (table 24).  When the three flap designs were 
compared to each other there was no statistically significant difference 
between any groups at any point of time interval (table 23).  
GINGIVAL INDEX:  
The preoperative mean gingival indices for the mandibular second 
molar were 1.18 + 0.3, 1.05 + 0.1, 1.1 + 0.2 for the envelope, wards and 
modified wards incisions respectively. At 1 month postoperatively there was 
an increase in gingival index for all the three flap designs (table 25). This 
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increase was statistically significant compared to preoperative values for all 
the three flap designs (table 27). At 2 months postoperatively the 
measurements almost returned to the preoperative levels for all the three flap 
designs. At 6 months postoperatively the gingival index was lower than the 
preoperative level for all the three flaps. There was statistically significant 
difference between preoperative and 6 month postoperative measurements for 
the modified wards flap group and not for the other twp flap designs (table 
27). There was no statistically significant difference between any groups at 
any point of time interval when compared (table 26).  
BONE LEVEL:  
The preoperative mean radiographic bone levels for the mandibular 
second molar were 4.6 + 2.6mm, 3.8 + 1.5 mm, 4.8 + 2.5mm for the envelope, 
wards and modified wards incisions respectively. At 6 months postoperatively 
there was a decrease of 1.1mm, 0.9mm, 1.2mm for the envelope, wards and 
modified wards incisions respectively indicating a marked improvement in the 
periodontal status of the second molar (table 28). There was statistically 
significant difference between preoperative and 6 month postoperative 
measurements for the envelope and modified ward’s flap groups and not for 
the ward’s group. When the three flap designs were compared to each other 
there was no statistically significant difference between any groups at any 
point of time interval (table 29).  
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VAS PAIN SCORE:  
The preoperative mean VAS pain scores for lower second molar were 
2.2 + 0.4, 1.9 + 0.9, 2.2 + 0.7 for the envelope, wards and modified wards 
incisions respectively. At 1 month postoperatively the scores for all the three 
flap designs were slightly lower than the preoperative values (table 31). The 
scores between the preoperative and 1 month postoperative values were 
statistically significant for modified wards flap group only (table 33). At 2 
months postoperatively the scores dropped below the baseline levels and were 
statistically significant when compared to preoperative values for all the three 
flap designs. At 6 months postoperatively there was further reduction of the 
pain scores which were statistically significant when compared to preoperative 
values for all the three flap designs. There was no statistically significant 
difference between any groups at any point of time interval when compared 
(table 32). 
VAS SENSITIVITY SCORE:  
The preoperative mean sensitivity scores for lower second molar were 
2.3 + 0.4, 1.7 + 0.6, 1.9 + 0.3 for the envelope, wards and modified wards 
incisions respectively. At 1 month postoperatively the scores came down by 
0.4 for the envelope flap group but remained at preoperative levels for wards 
and modified wards flap groups (table 34). The scores between the 
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preoperative and 1 month postoperative values were statistically significant for 
the envelope flap group only (table 36). At 2 months postoperatively the 
scores were lower than the preoperative levels and were statistically 
significant when compared to preoperative values for all the three flap designs. 
At 6 months postoperatively there was not much change in the sensitivity 
scores from the 2 months scores for all the three groups. But there was 
statistically significant difference between preoperative and 6 month 
postoperative measurements for all the three groups. When the three flap 
designs were compared to each other there was no statistically significant 
difference between any groups at any point of time interval (table 35). 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Tables and Graphs 
Tables and Graphs 
 
Table 1: Descriptive Statistics Age 
Variable Group N Mean Std. Dev Min Max 
Age (years) Envelope 10 28.20 7.729 18 45 
Ward's 10 27.00 8.563 18 43 
M Ward's 10 28.20 8.651 19 43 
Total 30 27.80 8.053 18 45 
 
Table 2:  Mann-Whitney Test to compare the mean values between two 
groups 
Variable Groups P-Value 
Age 
EnvelopevsWard's 0.761 
Envelopevs M Ward's 0.910 
Ward'svs M Ward's 0.622 
 
Table 3:  Sex Distribution 
 
Gender 
Male Female Total 
N % N % N % 
Group Envelope 2 20.0 8 80.0 10 100.0 
Ward's 2 20.0 8 80.0 10 100.0 
M Ward's 10 100.0 0 0.0 10 100.0 
Total 14 46.7 16 53.3 30 100.0 
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Table 4: Descriptive Statistics Probing Depth – DB 
Variable Group N Mean Std. Dev Min Max 
PD-DB pre op Envelope 10 4.30 0.675 3 5 
Ward's 10 3.80 1.229 3 7 
M Ward's 10 4.20 1.229 3 7 
Total 30 4.10 1.062 3 7 
PD-DB 
1month 
Envelope 10 4.90 0.876 3 6 
Ward's 10 4.40 1.350 3 8 
M Ward's 10 4.70 0.823 4 6 
Total 30 4.67 1.028 3 8 
PD-DB 
2months 
Envelope 10 3.70 0.483 3 4 
Ward's 10 3.60 0.966 3 6 
M Ward's 10 3.80 0.789 3 5 
Total 30 3.70 0.750 3 6 
PD-DB 
6months 
Envelope 10 3.40 0.516 3 4 
Ward's 10 3.30 0.675 3 5 
M Ward's 10 3.10 0.568 2 4 
Total 30 3.27 0.583 2 5 
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Table 5: Mann-Whitney Test to compare the mean values between two 
groups 
Variable 
P-Values 
Envvs Ward’s Envvs M Ward’s Ward’s vs  M Ward’s 
PD-DB pre op 0.058 0.492 0.293 
PD-DB 1month 0.055 0.443 0.170 
PD-DB 2months 0.327 0.865 0.408 
PD-DB 6months 0.451 0.240 0.618 
 
Table 6: Wilcoxon Signed Ranks Test to compare the mean values 
between two time points 
Time point (PD-DB) 
P-Values 
Envelope Ward's M Ward’s 
Pre op vs1month 0.034 0.034 0.059 
Pre op vs 2months 0.014 0.414 0.157 
Pre op vs 6months 0.007 0.059 0.016 
1month vs 2months 0.006 0.011 0.007 
1month vs 6months 0.007 0.008 0.004 
2months vs 6months 0.083 0.083 0.020 
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Table 7: Descriptive Statistics Probing Depth – DL 
 
Variable Group N Mean Std. Dev Min Max 
PD-DL pre op Envelope 10 4.00 1.054 3 6 
Ward's 10 3.70 1.337 2 7 
M Ward's 10 4.00 1.333 2 6 
Total 30 3.90 1.213 2 7 
PD-DL 
1month 
Envelope 10 4.40 1.075 3 6 
Ward's 10 4.70 1.160 3 7 
M Ward's 10 4.70 0.675 3 5 
Total 30 4.60 0.968 3 7 
PD-DL 
2months 
Envelope 10 3.70 0.823 3 5 
Ward's 10 3.90 0.876 3 6 
M Ward's 10 3.60 0.843 2 5 
Total 30 3.73 0.828 2 6 
PD-DL 
6months 
Envelope 10 3.20 0.422 3 4 
Ward's 10 3.20 0.632 3 5 
M Ward's 10 3.00 0.667 2 4 
Total 30 3.13 0.571 2 5 
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Table 8: Mann-Whitney Test to compare the mean values between              
two groups 
Variable 
P-Values 
Envvs Ward’s Envvs M Ward’s Ward’s vs  M Ward’s 
PD-DL pre op 0.424 0.969 0.553 
PD-DL1month 0.527 0.369 0.889 
PD-DL 2months 0.593 0.935 0.585 
PD-DL6months 0.626 0.453 0.619 
 
Table 9: Wilcoxon Signed Ranks Test to compare the mean values 
between two time points 
Time point PD-DL 
P-Values 
Envelope Ward's M Ward’s 
Pre op vs 1month 0.102 0.008 0.070 
Pre op vs 2months 0.180 0.317 0.248 
Pre op vs 6months 0.023 0.096 0.026 
1month vs 2months 0.008 0.005 0.009 
1month vs 6months 0.010 0.007 0.004 
2months vs 6months 0.025 0.008 0.034 
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Table 10: Descriptive Statistics Gingival Margin – DB 
 
Variable Group N Mean Std. Dev Min Max 
GM-DB pre 
op 
Envelope 10 2.00 0.471 1 3 
Ward's 10 2.00 0.000 2 2 
M Ward's 10 2.10 0.568 1 3 
Total 30 2.03 0.414 1 3 
GM-DB 
1month 
Envelope 10 2.40 0.516 2 3 
Ward's 10 2.10 0.316 2 3 
M Ward's 10 2.40 0.699 2 4 
Total 30 2.30 0.535 2 4 
GM-DB 
2months 
Envelope 10 2.10 0.316 2 3 
Ward's 10 2.00 0.000 2 2 
M Ward's 10 2.10 0.316 2 3 
Total 30 2.07 0.254 2 3 
GM-DB 
6months 
Envelope 10 2.10 0.316 2 3 
Ward's 10 2.10 0.316 2 3 
M Ward's 10 1.80 0.422 1 2 
Total 30 2.00 0.371 1 3 
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Table 11: Mann-Whitney Test to compare the mean values between           
two groups 
Variable 
P-Values 
Envvs Ward’s Envvs M Ward’s Ward’s vs  M Ward’s 
GM-DB pre op 0.999 0.654 0.543 
GM-DB 1month 0.131 0.786 0.255 
GM-DB 2months 0.317 0.999 0.317 
GM-DB 6months 0.999 0.088 0.088 
 
 
Table 12: Wilcoxon Signed Ranks Test to compare the mean values 
between two time points 
 
Time point GM-DB 
P-Values 
Envelope Ward's M Ward’s 
Pre op vs 1month 0.046 0.317 0.083 
Pre op vs 2months 0.317 0.999 0.999 
Pre op vs 6months 0.317 0.317 0.180 
1month vs 2months 0.083 0.317 0.180 
1month vs 6months 0.083 0.999 0.034 
2months vs 6months 0.999 0.317 0.083 
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Table 13: Descriptive Statistics Gingival Margin – DL 
Variable Group N Mean Std. Dev Min Max 
GM-DL pre 
op 
Envelope 10 2.00 0.471 1 3 
Ward's 10 2.00 0.471 1 3 
M Ward's 10 1.90 0.316 1 2 
Total 30 1.97 0.414 1 3 
GM-DL 
1month 
Envelope 10 2.10 0.316 2 3 
Ward's 10 2.10 0.568 1 3 
M Ward's 10 2.30 0.483 2 3 
Total 30 2.17 0.461 1 3 
GM-DL 
2months 
Envelope 10 2.10 0.316 2 3 
Ward's 10 2.00 0.000 2 2 
M Ward's 10 1.90 0.316 1 2 
Total 30 2.00 0.263 1 3 
GM-DL 
6months 
Envelope 10 2.10 0.316 2 3 
Ward's 10 2.00 0.000 2 2 
M Ward's 10 1.80 0.422 1 2 
Total 30 1.97 0.320 1 3 
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Table 14: Mann-Whitney Test to compare the mean values between two 
groups 
Variable 
P-Values 
Envvs Ward’s Envvs M Ward’s Ward’s vs  M Ward’s 
GM-DL pre op 0.999 0.584 0.584 
GM-DL 1month 0.957 0.276 0.423 
GM-DL 2months 0.317 0.168 0.317 
GM-DL 6months 0.317 0.088 0.146 
 
 
Table 15: Wilcoxon Signed Ranks Test to compare the mean values 
between two time points 
 
Time point GM-DL 
P-Values 
Envelope Ward's M Ward’s 
Pre op vs 1month 0.317 0.317 0.046 
Pre op vs 2months 0.317 0.999 0.999 
Pre op vs 6months 0.317 0.999 0.317 
1month vs 2months 0.999 0.564 0.046 
1month vs 6months 0.999 0.564 0.025 
2months vs 6months 0.999 0.999 0.317 
 
 
Tables and Graphs 
 
Table 16: Descriptive Statistics Clinical Attachment Level – DB 
Variable Group N Mean Std. Dev Min Max 
CAL-DB pre 
op 
Envelope 10 2.20 0.919 1 4 
Ward's 10 1.80 1.229 1 5 
M Ward's 10 2.10 1.101 1 5 
Total 30 2.03 1.066 1 5 
CAL-DB 
1month 
Envelope 10 2.60 0.966 1 4 
Ward's 10 2.30 1.059 1 5 
M Ward's 10 2.30 0.675 2 4 
Total 30 2.40 0.894 1 5 
CAL-DB 
2months 
Envelope 10 1.60 0.516 1 2 
Ward's 10 1.60 0.966 1 4 
M Ward's 10 1.80 0.789 1 3 
Total 30 1.67 0.758 1 4 
CAL-DB 
6months 
Envelope 10 1.30 0.483 1 2 
Ward's 10 1.20 0.632 1 3 
M Ward's 10 1.30 0.483 1 2 
Total 30 1.27 0.521 1 3 
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Table 17: Mann-Whitney Test to compare the mean values between two 
groups 
Variable 
P-Values 
Envvs Ward’s Envvs M Ward’s Ward’s vs  M Ward’s 
CAL-DB pre op 0.168 0.577 0.251 
CAL-DB 1month 0.318 0.367 0.728 
CAL-DB 2months 0.551 0.615 0.408 
CAL-DB 6months 0.357 0.999 0.357 
 
Table 18: Wilcoxon Signed Ranks Test to compare the mean values 
between two time points 
Time point CAL-DB 
P-Values 
Envelope Ward's M Ward’s 
Pre op vs 1month 0.046 0.059 0.317 
Pre op vs 2months 0.034 0.414 0.257 
Pre op vs 6months 0.014 0.034 0.020 
1month vs 2months 0.015 0.008 0.059 
1month vs 6months 0.006 0.005 0.004 
2months vs 6months 0.083 0.046 0.059 
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Table 19: Descriptive Statistics Clinical Attachment Level – DL 
Variable Group N Mean Std. Dev Min Max 
CAL-DL pre 
op 
Envelope 10 2.00 1.247 1 5 
Ward's 10 1.70 1.252 1 5 
M Ward's 10 2.10 1.197 1 4 
Total 30 1.93 1.202 1 5 
CAL-DL 
1month 
Envelope 10 2.30 0.949 1 4 
Ward's 10 2.60 1.075 1 5 
M Ward's 10 2.40 0.699 1 3 
Total 30 2.43 0.898 1 5 
CAL-DL 
2months 
Envelope 10 1.60 0.699 1 3 
Ward's 10 1.90 0.876 1 4 
M Ward's 10 1.70 0.675 1 3 
Total 30 1.73 0.740 1 4 
CAL-DL 
6months 
Envelope 10 1.10 0.316 1 2 
Ward's 10 1.20 0.632 1 3 
M Ward's 10 1.20 0.422 1 2 
Total 30 1.17 0.461 1 3 
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Table 20: Mann-Whitney Test to compare the mean values between two 
groups 
Variable 
P-Values 
Envvs Ward’s Envvs M Ward’s Ward’s vs  M Ward’s 
CAL-DL pre op 0.385 0.842 0.345 
CAL-DL 1month 0.575 0.715 0.837 
CAL-DL 2months 0.426 0.707 0.671 
CAL-DL 6months 0.942 0.542 0.626 
 
Table 21: Wilcoxon Signed Ranks Test to compare the mean values 
between two time points 
Time point CAL-DL 
P-Values 
Envelope Ward's M Ward’s 
Pre op vs 1month 0.257 0.007 0.257 
Pre op vs 2months 0.157 0.317 0.206 
Pre op vs 6months 0.024 0.059 0.041 
1month vs 2months 0.008 0.008 0.038 
1month vs 6months 0.010 0.006 0.006 
2months vs 6months 0.025 0.008 0.059 
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Table 22: Descriptive Statistics Plaque Index 
 
Variable Group N Mean Std. Dev Min Max 
PI pre op Envelope 10 1.23 0.219 1.00 1.75 
Ward's 10 1.10 0.316 0.50 1.75 
M Ward's 10 1.25 0.312 1.00 2.00 
Total 30 1.19 0.284 0.50 2.00 
PI 1month Envelope 10 1.55 0.230 1.25 1.75 
Ward's 10 1.35 0.293 1.00 2.00 
M Ward's 10 1.48 0.184 1.25 1.75 
Total 30 1.46 0.246 1.00 2.00 
PI 2months Envelope 10 1.45 0.197 1.00 1.75 
Ward's 10 1.20 0.307 1.00 2.00 
M Ward's 10 1.15 0.269 0.75 1.50 
Total 30 1.27 0.286 0.75 2.00 
PI 6months Envelope 10 1.23 0.142 1.00 1.50 
Ward's 10 0.95 0.350 0.50 1.75 
M Ward's 10 0.80 0.158 0.50 1.00 
Total 30 0.99 0.290 0.50 1.75 
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Table 23: Mann-Whitney Test to compare the mean values                 
between two groups 
Variable 
P-Values 
Envvs Ward’s Envvs M Ward’s Ward’s vs  M Ward’s 
PI pre op 0.218 0.934 0.291 
PI1month 0.084 0.400 0.162 
PI 2months 0.013 0.016 0.775 
PI6months 0.013 0.001 0.325 
 
 
Table 24: Wilcoxon Signed Ranks Test to compare the mean values 
between two time points 
Time Point PI 
P-Values 
Envelope Ward's M Ward’s 
Pre op vs 1month 0.010 0.013 0.030 
Pre op vs 2months 0.068 0.257 0.206 
Pre op vs 6months 0.705 0.165 0.007 
1month vs 2months 0.248 0.034 0.006 
1month vs 6months 0.016 0.006 0.004 
2months vs 6months 0.003 0.004 0.004 
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Table 25: Descriptive Statistics Gingival Index 
Variable Group N Mean Std. Dev Min Max 
GI pre op Envelope 10 1.18 0.313 1.00 2.00 
Ward's 10 1.05 0.158 1.00 1.50 
M Ward's 10 1.10 0.211 1.00 1.50 
Total 30 1.11 0.234 1.00 2.00 
GI 1month Envelope 10 1.43 0.237 1.00 1.75 
Ward's 10 1.35 0.211 1.00 1.75 
M Ward's 10 1.33 0.121 1.25 1.50 
Total 30 1.37 0.194 1.00 1.75 
GI 2months Envelope 10 1.38 0.177 1.00 1.50 
Ward's 10 1.15 0.242 1.00 1.75 
M Ward's 10 1.18 0.265 0.75 1.50 
Total 30 1.23 0.245 0.75 1.75 
GI 6months Envelope 10 1.13 0.132 1.00 1.25 
Ward's 10 0.93 0.265 0.75 1.50 
M Ward's 10 0.78 0.249 0.50 1.25 
Total 30 0.94 0.260 0.50 1.50 
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Table 26: Mann-Whitney Test to compare the mean values between two 
groups 
Variable 
P-Values 
Envvs Ward’s Envvs M Ward’s Ward’s vs  M Ward’s 
GI pre op 0.163 0.455 0.542 
GI1month 0.423 0.230 0.795 
GI 2months 0.019 0.076 0.744 
GI6months 0.029 0.003 0.208 
 
 
Table 27: Wilcoxon Signed Ranks Test to compare the mean values 
between two time points 
Time Point GI 
P-Values 
Envelope Ward's M Ward’s 
Pre op vs 1month 0.026 0.006 0.021 
Pre op vs 2months 0.075 0.046 0.453 
Pre op vs 6months 0.999 0.059 0.016 
1month vs 2months 0.414 0.005 0.083 
1month vs 6months 0.010 0.004 0.006 
2months vs 6months 0.004 0.014 0.007 
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Table 28: Descriptive Statistics Bone Level 
Variable Group N Mean Std. Dev Min Max 
Bone Level 
pre op 
Envelope 10 4.60 2.675 1 10 
Ward's 10 3.80 1.476 2 7 
M Ward's 10 4.80 2.486 2 10 
Total 30 4.40 2.238 1 10 
Bone Level 
6months 
Envelope 10 3.50 1.716 1 7 
Ward's 10 2.90 1.449 2 6 
M Ward's 10 3.60 1.897 2 8 
Total 30 3.33 1.668 1 8 
 
Table 29: Mann-Whitney Test to compare the mean  
values between two groups 
 
Variable 
P-Values 
Envvs Ward’s Envvs M Ward’s Ward’s vs  M Ward’s 
BL pre op 0.551 0.816 0.388 
BL6months 0.235 0.905 0.259 
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Table 30: Wilcoxon Signed Ranks Test to compare the mean values 
between two time points 
Variable 
P-Values 
Envelope Ward's M Ward’s 
Pre op vs 6months 0.026 0.087 0.014 
 
Table 31: Descriptive Statistics VAS Pain score 
Variable Group N Mean Std. Dev Min Max 
VAS Pain pre 
op 
Envelope 10 2.20 0.422 2 3 
Ward's 10 1.90 0.994 1 4 
M Ward's 10 2.20 0.789 1 4 
Total 30 2.10 0.759 1 4 
VAS Pain 
1month 
Envelope 10 1.90 0.316 1 2 
Ward's 10 1.80 0.632 1 3 
M Ward's 10 2.00 0.471 1 3 
Total 30 1.90 0.481 1 3 
VAS Pain 
2months 
Envelope 10 1.30 0.483 1 2 
Ward's 10 1.30 0.483 1 2 
M Ward's 10 1.30 0.483 1 2 
Total 30 1.30 0.466 1 2 
VAS Pain 
6months 
Envelope 10 1.00 0.000 1 1 
Ward's 10 1.10 0.316 1 2 
M Ward's 10 1.20 0.422 1 2 
Total 30 1.10 0.305 1 2 
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Table 32: Mann-Whitney Test to compare the mean                                     
values between two groups 
Variable 
P-Values 
Envvs Ward’s Envvs M Ward’s Ward’s vs  M Ward’s 
VAS Pain pre op 0.198 0.765 0.316 
VAS Pain1month 0.582 0.584 0.399 
VAS Pain 2months 0.999 0.999 0.999 
VAS Pain6months 0.317 0.146 0.542 
 
Table 33: Wilcoxon Signed Ranks Test to compare the mean values 
between two time points 
Time Point VAS Pain 
P-Values 
Envelope Ward's M Ward’s 
Pre op vs 1month 0.083 0.564 0.157 
Pre op vs 2months 0.003 0.034 0.011 
Pre op vs 6months 0.003 0.039 0.007 
1month vs 2months 0.014 0.025 0.020 
1month vs 6months 0.003 0.020 0.011 
2months vs 6months 0.083 0.157 0.317 
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Table 34:  Descriptive Statistics VAS Sensitivity score 
Variable Group N Mean Std. Dev Min Max 
VAS Sens pre 
op 
Envelope 10 2.30 0.483 2 3 
Ward's 10 1.70 0.675 1 3 
M Ward's 10 1.90 0.316 1 2 
Total 30 1.97 0.556 1 3 
VAS Sens 
1month 
Envelope 10 1.90 0.316 1 2 
Ward's 10 1.70 0.483 1 2 
M Ward's 10 1.90 0.316 1 2 
Total 30 1.83 0.379 1 2 
VAS Sens 
2months 
Envelope 10 1.20 0.422 1 2 
Ward's 10 1.10 0.316 1 2 
M Ward's 10 1.20 0.422 1 2 
Total 30 1.17 0.379 1 2 
VAS Sens 
6months 
Envelope 10 1.00 0.000 1 1 
Ward's 10 1.10 0.316 1 2 
M Ward's 10 1.30 0.675 1 3 
Total 30 1.13 0.434 1 3 
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Table 35: Mann-Whitney Test to compare the mean                                    
values between two groups 
Variable 
P-Values 
Envvs Ward’s Envvs M Ward’s Ward’s vs  M Ward’s 
VAS Sens pre op 0.039 0.045 0.322 
VAS Sens1month 0.276 0.999 0.276 
VAS Sens 2months 0.542 0.999 0.542 
VAS Sens6months 0.317 0.147 0.503 
 
 
Table 36: Wilcoxon Signed Ranks Test to compare the mean values 
between two time points 
Time point VAS Sens 
P-Values 
Envelope Ward's M Ward’s 
Pre op vs 1month 0.046 0.999 0.999 
Pre op vs 2months 0.005 0.034 0.008 
Pre op vs 6months 0.004 0.034 0.034 
1month vs 2months 0.008 0.014 0.008 
1month vs 6months 0.003 0.014 0.034 
2months vs 6months 0.157 0.999 0.655 
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Graph 1:  Denotes the mean Probing Depth – Distobuccal 
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Graph 2:  Denotes the mean Probing Depth – Distolingual 
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Graph 3:  Denotes the mean Gingival Margin to CEJ – Distobuccal 
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Graph 4:  Denotes the mean Gingival Margin to CEJ – Distolingual 
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Graph 5:  Denotes the mean Clinical Attachment Level – Distobuccal 
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Graph 6:  Denotes the mean Clinical Attachment Level – Distolingual 
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Graph 7:  Denotes the mean Plaque Index 
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Graph 8:  Denotes the mean Gingival Index 
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Graph 9:  Denotes the mean Bone Level 
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Graph 10:  Denotes the Mean VAS Pain Scale 
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Graph 11:  Denotes the Mean VAS Sensitivity Scale 
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DISCUSSION 
 The impacted lower third molar often leads to marginal periodontal 
complication involving both the second and third molar and causes periodontal 
pocketing and bone loss. Of all the posterior teeth the second molar next to an 
impacted lower third molar is highly prone to develop periodontal pathology 
because it favours food impaction, plaque accumulation and has very poor access 
for oral hygiene maintenance. Furthermore the tooth follicle around the impacted 
tooth is rich in osteoclasts which enhance bone resorption along with other 
factors.   
 Surgical removal of the impacted tooth also often complicates the 
periodontal health of the second molar. Displacement of attached gingival or the 
alveolar mucosa involves injury to the periosteum and the underlying bone. Thus 
the surface of bone is affected in several ways. Firstly, the cortical bone looses an 
important part of its vascular supply. Secondly, the cellular cover of bone 
provided by the innermost layer of periosteum is partially or totally removed. 
Thirdly, the surgical insult produced by the removal of bone with a surgical bur or 
chisel also complicates bone healing. These events invite an initial resorption of 
the bony surface, which however is then followed by bony deposition to repair the 
initial loss.
7 
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 Kugelberg et al
54
 demonstrated that, 2 years after impacted lower third 
molar surgery 32.1% of the cases showed intra bony defect > 4mm deep on the 
distal surface of the adjacent second molar.  Jakse et al
43
 have reported that 
dehiscence can take place distal to the second molar during primary wound 
healing after extraction of the impacted third molar and this area may heal 
secondarily.  
 In our study we used William’s periodontal probe to assess the periodontal 
probing depth. Gingival pocket or pseudopocket is formed when the sulcus 
deepens because of the increased bulk of gingiva seen during inflammation. This 
happens in the presence of an impacted third molar. Whereas periodontal pocket 
occurs with the destruction of the supporting periodontal tissues.
16
To minimize 
the discrepancy we used more than one parameter to assess the periodontal health 
like clinical attachment level, gingival margin to CEJ, bone level from the CEJ. 
Measurements of bone level on pre and post operative radiographs are also taken 
for studying bone healing after impacted third molar surgery.    
 Rosa et al
73
 reported that incidence of periodontal pocketing adjacent 
second molar increases following surgical removal of impacted tooth removal. 
But in our study, patients belonging to all three groups showed increased probing 
depth both on distobuccal and distolingual at one month post operatively. It may 
be attributed to the role of inflammation following the surgical removal of third 
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molar. As the socket healing progressed the inflammation subsided and all three 
groups showed a reduction in probing depth at 2 months and 6 months post 
operatively. The probing depth was the maximum for the wards incision. It may 
be due to the anterior releasing incision which often falls along the line of bone 
guttering and leads to wound dehiscence and secondary healing. At 6 months post 
operatively envelope and modified wards incision showed statistically significant 
reduction in probing depth indicating better periodontal health of the second 
molar. But the wards incision had a greater probing depth when compared to other 
flap designs. According to Kugelberg
54
, the clinical diagnosis of marginal 
periodontal breakdown on the distal surface the second molar is apparent when 
the probing depth is 7mm or deeper.   
 Pocket formation causes loss of attachment of the gingiva and denudation 
of the root surface. The severity of the attachment loss is generally, but not 
always, correlated with the depth of the pocket. This is because the degree of 
attachment loss depends on the location of the base of the pocket on the root 
surface, whereas the pocket depth is the distance between the base of the pocket 
and the crest of the gingival margin. Pockets of the same depth may be associated 
with different degrees of attachment loss.
16
  
 Chin Quee et al
20
 evaluated different flap designs and concluded that it 
resulted in significant loss of bone and loss of clinical attachment level on distal 
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aspect of second molar. None of our cases showed gingival recession on the distal 
surface of the second molar at the end of 6 months post operatively. Conversely 
clinical attachment level at 6 months post operatively was similar when compared 
to their respective preoperative assessment. The crestal bone regeneration has 
been found in all three group of cases after the removal of impacted third molar at 
6 months post operatively. These improvements may be attributed that after 
removal of third molar there is less food impaction on the distal surface of the 
second molar and improved oral hygiene. There was no statistically significant 
difference found between the three groups in terms of clinical attachment level, 
gingival recession and alveolar crestal bone regeneration at 6 months post 
operatively.   
 Visual analogue scale indicated that none of the patients had experienced 
severe persisting pain or sensitivity at the end of one month. There was 
statistically significant improvement found in pain and sensitivity at 6 months 
post operatively. It is comparable to Schofield et al
78
 study who has found that the 
effect of flap design on wound healing is only temporary and no significant 
difference were found on post operative periodontal health at 12 weeks post 
operatively. 
 In our study, younger patients had decreased periodontal defects and better 
healing. It is attributed to low osteogenic potential in adult individuals. In young 
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individuals, the periosteum consists of an inner layer of angular osteoblasts 
followed by spindle shaped precursor cells supported by loosely arranged 
collagen fibers. In older individuals, where growth has ceased, the inner layer 
consists of flattened osteoblasts followed by an outer fibrous layer of inactive 
osteoprogenitor cells, which however, still maintain their potential for cell 
division. When a periosteal flap is raised in adult patients, the osteogenic layer is 
usually disrupted and periosteal osteogenesis can only take place from the 
periphery of the wound where progenitor cells have not been disturbed, implying 
that bony repair will be limited and fibrous scar tissue will often form in its place. 
Conversely, in young individuals, cells in the cambium layer of elevated flaps 
exhibit osteogenic potential and the bone contour is often fully restored.
7  
             The most common surgical injury to the alveolar bone complex is the 
extraction of teeth. Histologically, the healing of the socket consists following 
four overlapping stages namely coagulum, granulation tissue, connective tissue 
and bone formation. In man socket healing has been estimated indirectly, by 
analyzing serial radiographs taken of the extraction site. The first sign of healing 
is resorption of the lamina dura at the alveolar crest which can be seen after 2-4 
weeks after extraction. Deeper in the alveolus, loss of lamina dura is usually 
apparent 4-8 weeks postoperatively. Complete healing of the socket is seen 6 
months after extraction
24
. Hence in our study the bone levels were compared 
preoperatively and 6 months after surgery, after the completion of bone healing.  
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 Risk factors associated with bone loss following lower third molar 
extraction included age, direction of eruption, preoperative bony defects, and 
resorption of the second molar root. All the patients had mesioangular impaction. 
From the findings of a series of clinical studies, an index predicting the risk of 
periodontal defects after impacted third molar surgery was designed by 
Kugelberg. Kugelberg Risk Index
7
 was done for all the patients. Only two patients 
were of the high risk group, whereas the other subjects belonged to the low risk 
group.  
 The effect of flap design on the post operative periodontal health status of 
second molars was investigated with different flap designs. In our study, we 
assessed the periodontal health of the second molar in terms of probing depth, 
gingival attachment level, alveolar bone height and through oral hygiene index. 
We also assessed the primary healing and complications associated with the third 
molar removal with three different flap designs.  We assessed the periodontal 
pocket depth and clinical attachment level using periodontal probe. The alveolar 
bone level was assessed clinically by periodontal probe and radiographically by 
standardized orthopantamogram.  
 In 2012, Goyal M et al
31
 compared a conventional rotary handpiece and a 
Piezosurgical unit for extraction of lower third molars. A piezoelectric unit for 
surgical removal of impacted third molars reduced pain, swelling and trismus 
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considerably as compared to the conventional rotary handpiece. The use of 
piezoelectric handpiece for third molar surgery can be the future.  
          The extraction of mesioangular impacted third molars may cause multiple 
periodontal defects at the distal root of the second molar. Platelet-rich plasma 
(PRP) is a material containing many autologous growth factors that may be used 
in repairing and preventing periodontal complications at the distal root of the 
second molar adjacent to the extracted third molar.  
 Chen ZF
19
 in 2011 investigated the effects of tissue engineered bone 
scaffold material in the restoration of alveolar socket after extraction of lower 
impacted third molar. Tissue engineered bone scaffold can be used in the 
restoration of alveolar socket after removal of impacted mandibular third molar.  
  The effectiveness of a therapeutic laser in the control of postoperative 
pain, swelling, and trismus associated with the surgical removal of impacted third 
molars was done by Amarillas-Escobar ED et al
4
 in 2010. Use of therapeutic laser 
in impacted third molar surgery could be used widely in near future as it decreases 
postoperative pain, swelling and trismus.  
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SUMMARY AND CONCLUSION 
In our study, independent of flap design, extraction of the impacted 
mandibular third molars resulted in a significant improvement in the 
periodontal health of adjacent second molars 6 months postoperatively in 
terms of probing depth, gingival margin level, clinical attachment level and 
alveolar crestal bone level. There was no statistically significant difference 
between the three flap designs.  
There was no statistically significant difference between periodontal 
health status of the mandibular second molar before and after surgical removal 
of impacted third molar for all the three flap designs.  
There was improvement in the periodontal health status of the 
mandibular second molar after surgical removal of impacted mandibular third 
molar for all the three flap designs. 
Our patients were reviewed 1 week after surgical extraction of 
impacted third molar for suture removal and assessment of post operative 
complications. None of our patients had wound dehiscence or alveolar osteitis 
in the third molar region. The visual analogue scale indicated that none of the 
patients had experienced severe persisting pain or sensitivity at the end of one 
month.  
Envelope flap is adequate for most mesially inclined and superficial 
impactions but the flap retraction was difficult. Envelope flap which is 
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designed without a releasing incision gave an inadequate access but yet 
covered the distal aspect of the adjacent second molar. Hence the periodontal 
status of the second molar was better in envelope flap after third molar 
surgery. This incision can also be extended to the mesiobuccal surface of the 
first molar. This modification allows for better access and visibility.  
Ward’s and Modified Ward’s incisions have an oblique extension at 
the anterior aspect of the crestal incision. These incisions give better access 
and allow good flap retraction. Modified Ward’s incision gives a better cover 
to the distal aspect of the second molar aiding its periodontal health after third 
molar surgery.  
For a mesioangular impacted tooth, there was adequate alveolar bone 
on the distal surface of second molar when compared to a deep horizontal or a 
distoangular mandibular impacted tooth. Hence in our study, the flap design 
did not have much influence on the periodontal health of the second molar 
adjacent to a mesioangular impacted lower third molar.  
As periodontal healing after surgical removal of impacted third molar 
is a continuing process even after 2 years, long term follow-up on clinical and 
radiographical parameters is required in order to further promote our 
understanding of how extraction of an impacted mandibular third molar affects 
the periodontal health of the adjacent second molar. 
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